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ABSTRACT 
Purpose: Near visual acuity is an essential measurement during an oculo-visual assessment. 
Continuous text near visual acuity charts measure reading acuity and other aspects of reading 
performance. Arabic is ranked as the fourth spoken language globally. Yet, there are no 
standardized continuous text near visual acuity charts in Arabic. The aims of this study are to 
create and compose a large pool of standardized sentences, to validate these sentences in 
children and adults and choose a final set with equal readability to use in the development of a 
standardized Arabic continuous text reading chart, and then to design and validate the first 
standardized Arabic continuous text near visual acuity chart, the Balsam Alabdulkader-Leat 
(BAL) chart. 
 
Methods: Initially, 90 Arabic pairs of sentences were created for use in constructing a chart 
with similar layout to the Colenbrander chart. They were created following accepted criteria 
for creating sentences for near visual acuity charts. They had the same grade level of difficulty 
and physical length. Fifty-three Arabic-speaking adults and sixteen children were recruited to 
validate the sentences. Reading speed in correct words per minute (CWPM) and standard 
length words per minute (SLWPM) were measured and errors were counted. Elimination 
criteria based on reading speed and errors made in each sentence pair were applied to exclude 
sentence pairs with more outlying characteristics, and to select the final group of sentence 
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pairs. The final sub-set of validated sentences was used in the construction of three versions of 
the BAL chart.  
Eighty-six bilingual adults with normal vision aged 15 to 59 years were recruited to validate 
the charts. Reading acuity and reading speed in standard words per minute were measured for 
the three versions of the BAL chart and three English charts (MNREAD, Colenbrander, and 
Radner charts). The Arabic version of the IReST chart was used to test the validity of the BAL 
chart in measuring reading speed. ANOVA was used to compare reading acuity and reading 
speed in standard words per minute. Bland-Altman plots were used to analyze agreement 
between the charts. Normal visual acuity (0.00 logMAR) was calibrated for the BAL chart 
with linear regression between the reading acuity of the BAL chart against reading acuity 
measured with the MNREAD and the Radner charts. 
 
Results: Forty-five sentence pairs were selected according to the elimination criteria. For 
adults, the average reading speed for the final sentences was 166 CWPM and 187 SLWPM 
and the average number of errors per sentence pair was 0.21. Childrens’ average reading speed 
for the final group of sentences was 61 CWPM and 64 SLWPM. Their average error rate was 
1.71. The Cronbach’s alpha for the final set of sentence pairs in CWPM and SLWPM was 
0.986 for adults and 0.996 for children, showing that the final sentences had very good internal 
consistency.  
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Three versions of the BAL chart were created. Each chart had fifteen print size levels. 
Average reading acuity for BAL1, BAL2 and BAL3 was 0.62, 064 and 0.65 log-point print 
respectively (equivalent to -0.08, -0.06 and -0.05 logMAR respectively). These differences in 
reading acuity among the BAL charts were statistically significantly different (repeated 
measures ANOVA, p < 0.05), but not considered clinically significant. Average reading acuity 
for the Colenbrander, MNREAD and Radner charts was -0.05, -0.13 and -0.03 logMAR 
respectively. The coefficient of agreement for reading acuity between the BAL charts was 
0.054 (between BAL1 and BAL2), 0.061 (between BAL2 and BAL3) and 0.059 (between 
BAL1 and BAL3). Linear regression between the average reading acuity for the BAL chart 
and the MNREAD and Radner charts showed that 0.7 log-point size is equivalent to 0.00 
logMAR. The new BAL chart was labelled accordingly. 
Mean SLWPM for the BAL charts was 201, 195 and 195 SLWPM respectively and for the 
Colenbrander, MNREAD and Radner charts was 146, 171 and 146 respectively. The 
coefficients of agreement for log-SLWPM between BAL1 and BAL2, BAL2 and BAL3 and 
BAL1 and BAL3 were 0.063, 0.064 and 0.057 log SLWPM respectively. 
 
Conclusions: The reliability analysis showed that the final 45 sentence pairs are highly 
comparable. They were used in constructing three versions of the BAL chart. The BAL chart 
showed high inter-chart agreement and can be recommended for accurate near performance 
measures in Arabic for both research and clinical settings. 
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Chapter 1 
INTRODUCTION 
1.1 Visual acuity 
Visual acuity (VA) is defined as the ability of the eye to detect details. It is often the 
first measurement that is carried out in any eye examination. Visual acuity is a 
straightforward and quick routine measurement that, if reduced, may be an indicator of the 
presence of ocular disease or uncorrected refractive error. It is used to assess the 
progression of certain diseases and to monitor the efficacy of prescribed medications.1 
Visual acuity is commonly divided into four categories as follows: 1) detection acuity, 
which is the ability of a patient or participant to detect the presence or absence of a 
particular target, for example, the patient is asked to detect a dot or line 2) resolution acuity, 
which is the ability of a person to resolve features of a stimulus such as grating acuity in 
preferential looking tests2 and 3) recognition acuity is when a subject is asked to recognize 
and name or match a particular symbol or letter such as using letter charts to measure VA. 
Recognition acuity is the type of VA most often used in measuring visual acuity clinically.2 
4) hyperacuity, which is a measure of the limit of spatial vision or differences in position 
between two stimuli e.g. tests of alignment of two stimuli and steroacuity.2,3 
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1.1.1 Distance acuity charts 
1.1.1.1 Snellen acuity 
Herman Snellen4 introduced his first optotypes in 1862. Optotypes are usually upper 
case letters of high contrast. They are designed such that for the 6/6 (20/20) line each detail 
subtends 1 minute of arc of visual angle at the eye. The angular size is determined from the 
physical size of print and the viewing distance.5 It is measured in min of arc or degrees of 
visual angle, and it is used for calibrating the chart print sizes. The overall size of an 
optotype is five times the size of the detail. For example, each limb of the optotype subtends 
1 minute of arc at the eye, and the overall size of an “E” is 5 min of arc. This calculation 
ensures that at the 6/6 line each letter size subtends 5 min of arc at the testing distance of 
the chart. The rest of the print sizes are calibrated based on this calculation. On VA charts, 
as the letters become smaller their details become finer.  
The goal of the test is to find the point at which the observer is no longer able to detect 
the details of the optotypes and therefore no longer able to recognize them accurately. 
Snellen’s original chart was one of the first charts used to measure distance visual acuity 
(DVA). Snellen’s chart spread widely as he defined “the acuteness of vision”6 or what it is 
known today as the Snellen fraction to describe the angular size of optotypes as: 
Test distance
Distance at which the letter detail subtends 1 minute of arc
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Snellen’s fraction is used to calculate the minimum angle of resolution (MAR) which is 
the angle of the just resolved detail (limbs in the case of an E optotype) subtended at the 
eye.3 Adults’ normal visual acuity is defined as being able to at least read the 6/6 line (the 
one on which each detail of the letter subtends 1´) at 6 meters. One of the advantages of 
using Snellen’s fraction is the ease of converting it to MAR. The MAR is the reciprocal of 
the Snellen fraction.3 
1.1.1.2 Modern distance letter acuity charts 
Snellen’s original chart was used for many decades, but has recently received criticism 
as the letters on the chart are not equally legible, step sizes are not uniform throughout the 
chart and the optotypes are not evenly spaced.7,8 In Snellen’s original chart, there are more 
letters per row at the bottom of the chart compared to letters on rows at the top of the chart. 
This made the letters at the bottom of the chart harder to resolve because of the closely 
proximate surrounding contours (crowding phenomenon).3 Also, it made the task different 
on different rows i.e. it is easier to guess one letter correctly compared to six letters. Using 
Snellen’s chart at different testing distances significantly affects the VA score.8 Green7 
originally suggested that letter size progression should follow a logarithmic progression of 
10√10 (equal to 1.2589 or 0.1 log unit).  
In 1976, Bailey and Lovie8 developed the famous Bailey-Lovie chart. They set up a 
series of principles to overcome the disadvantages of the Snellen chart that were reported 
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by Green7 and summarized in a review by Bennett.9 Bailey and Lovies’ fundamental 
principles8 were: almost identical letter legibility, an equal number of optotypes per row, 
spacing between optotypes proportional to the optotype size, a logarithmic scale between 
letter sizes (usually 0.1 log steps), and proportional spacing between rows so as to control 
crowding. Ten letters were adopted from the recommendations by the British Standard 
Institution (D, E, F, N, H, P, R, U, V, Z).10,11 They were non-serif letters constructed on a 
5 by 4 framework.8 The chart was labeled in the logarithm of the angle of resolution 
(logMAR) as well as in Snellen’s fraction. Today, Bailey and Lovies’ principles are still 
used.  
In 1982, Ferris et al.12 developed the Early Treatment Diabetic Retinopathy Study chart 
(EDTRS chart). The EDTRS chart incorporated the same principles of the Bailey-Lovie 
but used the ten Sloan letters13 (C, D, H, K, N, O, R, S, V, Z),10,11 rather than British 
standard letters, for testing at 4 meters. Sloan letters are constructed on 5 by 5 frame work.  
As each line on a logMAR chart has the same number of letters (five letters) and 0.1 
logMAR size increments, visual acuity can be scored by what is called the by-letter 
method.12 It is considered a precise method to score VA as it gives each letter on the chart 
an equal weight.12,14 To calculate the credit of each letter, the step size is divided by the 
number of letters on each row. For Bailey-Lovie and EDTRS charts there are five letters 
for each 0.1 log step. This makes each letter on the chart worth 0.02 logMAR. For example, 
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if a patient is able to read all the letters on 0.7 line his/her VA would be 0.7 logMAR. If 
s/he is able to read the 0.7 line and two extra letters from the 0.6 line, his/her VA would be 
0.66 logMAR. In other words, the final logMAR score is based on the total number of all 
the letters that are read throughout the chart. Scoring by the by-letter method has shown 
good test-retest reliability1,15 and is widely used in research settings.   
The Bailey-Lovie and EDTRS charts are considered the gold standard charts in 
measuring DVA. Currently, a large number of DVA charts have been developed using 
Bailey-Lovie design principles. Currently, DVA can be measured using a large variety of 
charts that use letters, numbers, symbols or pictures and are based on these principles. 
Almost all of them are designed according to the principles of the Bailey-Lovie or ETDRS 
charts and according to the recommended standards of developing a visual acuity chart.16 
This made measuring DVA a more standardized, precise and repeatable test.  
1.1.1.3 Letter and symbol distance acuity charts 
Distance visual acuity charts are available in a variety of single optotypes. Each type of 
distance chart has some advantages and disadvantages. Charts that use symbols/pictures or 
Tumbling Es have the potential advantage of being used to test children or adults with 
literacy difficulties. They involve less language barrier and so can be used anywhere 
around the world. In that sense they are universal. However, one disadvantage of using 
these charts is the higher probability of guessing, as they use a limited number of 
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orientations/pictures/symbols (4 symbols in Lea symbols chart) compared to most letter 
charts. The likelihood of guessing is lower in letter charts. As there are 26 letters in the 
English alphabet, the probability of guessing is 1 in 26. This is true even for those charts 
that use a limited selection of 10 letters, as the patient is not usually aware that only a few 
letters of the alphabet are used in the chart.10 If the patient knew that there are only ten 
letters on the chart, the probability of guessing will be higher (1 in 10), but this is still lower 
than for the symbol and tumbling E charts. Snellen charts are easy to explain to the patients 
and need minimal instructions.17 They are quick and easy to administer by clinicians. On 
the other hand, letter charts can only be used with people who are literate in the languages 
that use Roman letters. 
1.1.2 Near visual acuity 
Near charts which use single letters or symbols follow the same design principles of 
distance letter acuity charts and are known as reduced Snellen charts. One of the main 
differences, obviously, is testing distance. The standard reading distance for near testing is 
within arm’s length which is estimated to be 40 cm or 16 inches. There are a wide variety 
of commercially-available near logarithmic charts such as Landolt C, EDTRS, Sloan, 
Tumbling “E”, numbers, Patti pics and Lea symbols. Some of them are designed for 
particular age groups and/or require minimum education/reading level. As these charts use 
single optotypes, they are simply a repetition of optotype acuity, but at near, which will 
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help to detect differences in defocus between distance and near, but do not give any other 
additional functional information.   
1.1.2.1 Early continuous text charts 
Historically, reading continuous text has been used for many decades as a functional 
way of assessing near acuity and providing patients with a near spectacle correction for 
reading. In 1854, Eduard Jaeger published the first edition of his “Test-Types”.18 His book 
contained sentences that ranged from N1 to N20. Jaeger believed that using continuous text 
sentences is the best method to evaluate functional vision as it reflects a daily activity of 
the people at the time (reading newspapers).18 Snellen also developed a reading test which 
had sentences that decrease in size.6 However, these early charts were not standardized and 
suffered from similar disadvantages as the original Snellen chart. 
1.1.2.2 Unrelated near word charts 
Modern near acuity charts are also based on the same logarithmic design principles as 
distance visual acuity charts.8,16 In 1980, Bailey and Lovie19 developed their logarithmic 
progression unrelated-words near acuity chart. Bailey and Lovie19 reported that using 
continuous text allowed patients to guess some words that they could not see, by using 
context. Continuous text, thus, tended to overestimate near acuity and that individual’s 
reading skill affects the resultant reading acuity if continuous text charts are used. Bailey 
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and Lovie argued that the use of unrelated words to measure near acuity is a better predictor 
of reading ability compared to using continuous text. They suggested that using unrelated 
words is more reliable in measuring near acuity and reading efficiency than continuous text 
charts, and so they introduced the first unrelated word near visual acuity chart.19 They 
selected words of different lengths to be distributed throughout their chart. They used 3, 7 
and 10-letters words with no apparent syntactic associations. This was to reduce the 
possibility of guessing. There were seventeen print size levels. Each row had a total of six 
words: two 4-letter words, two 7-letter words, and two 10-letter words. However, on the 
largest six rows there were fewer words per row to control the physical size of the chart. 
According to Bailey,10 unrelated word charts is more of an estimate of how a person can 
see (visual acuity) rather than his/her reading ability. 
1.1.2.3 Continuous text near acuity charts 
Reading is a complex task that is based on several skills and not limited to having good 
visual acuity. Reading requires a combination of cognitive capabilities (vocabulary, 
language and reading skills), sensory abilities (good visual acuity and contrast sensitivity), 
and motor abilities (eye movements).20 Many scholars20–22 have reported that using 
continuous text near acuity charts takes into account visual and cognitive factors20 which 
make them better tools in measuring near performance because they are more related to 
everyday reading materials. Continuous text near visual acuity charts are used to evaluate 
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reading performance using measures of reading speed, reading acuity and critical print size 
(described below in section 1.4.3 Critical print size).20 Continuous text charts use sentences 
or paragraphs in a descending sequence of print sizes. The length of sentences/short 
paragraphs varies from chart to chart. As sentences or paragraphs which are equally 
difficult (readability) are more challenging to compose compared to single letters/symbols, 
criteria have been established for developing these texts. Continuous text charts are 
preferable for testing near reading ability as they represent every day reading materials20,22 
and take into account several non-visual factors.  
One advantage of using continuous text near visual acuity charts is to evaluate reading 
performance by plotting reading speed curves and calculating reading performance 
measures (see description in section 1.4 Reading performance below). On the other hand, 
they have to be developed in each different language in order to be relevant for different 
populations. 
1.1.2.3.1 Criteria for designing continuous text near acuity charts 
Although some of the same criteria for developing DVA charts can be applied, 
developing continuous text near charts is more difficult compared to single optotypes 
charts, or even charts with unrelated words, as there are more factors to consider. As words 
are being used, there will be a combination of lower case letters, with a variety of letter 
heights, as some letters have ascenders or descenders.20 This compares with distance letter 
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charts in which block capital letters are used.16 Sentences produce the issues of text 
difficulty, spacing between same-font lines and between font levels, and crowding. Below 
are some of the well-established accepted criteria for developing continuous text near 
acuity charts,16,17,20,22,23 which mirror the criteria for distance VA charts with some extra 
criteria for continuous text charts:  
 Proportional spacing and the use of a commonly used font in print e.g. “Times new 
Roman”. It has been reported that different typefaces are not equally legible20,24 
 Spacing between consecutive lines (same size) should be higher than the overall height 
of the largest letters 
 Logarithmic scale with 0.1 log step size 
 Accents should be used if they naturally occurred in the text 
 Same spatial layout or same physical length of sentences throughout the chart 
 Same number of characters at each print size level 
 Composing sentences 
 Sentences should be unpredictable and unrelated in their meaning i.e. no theme 
or story-line 
 The use of common phrases or famous sayings should be avoided 
 No use of proper nouns or hyphenated words 
 No use of words with regional spellings or regional meanings 
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 Simple vocabulary using high occurrence words. It is suggested that it should 
be at a grade 3 level (i.e. for approximately 8 years old) 
 Frequent repetition of concrete words should be eliminated 
 Maximum length of a word is ten letters 
 Awkward tongue twister words that are difficult to say should be avoided 
 Avoid inverted commas for spoken words 
 Equal readability (internal consistency) among the sentences   
To avoid repetition of reading the same sentences for multiple testing, it is preferable to 
have two versions of the chart for right eye and left eye testing or pre and post treatments. 
More versions can be helpful if additional testing of both eyes is needed or when a patient 
needs multiple tests during research studies. It is imperative in continuous text chart design 
to eliminate all context effects such as level of difficulty and spacing between successive 
lines. This ensures that vision is the only parameter affecting the resulting near 
performance. 
Most commercially available continuous text near acuity charts were designed to follow 
the main design principles such as using a logarithmic scale and proportional spacing 
between print size levels. They differ in some of the details and the ways they have been 
developed. 
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1.2 Font types and characteristics 
A fixed-width font, also called fixed-pitch or monospaced font or non-proportional font, 
is where the horizontal space of characters is the same regardless of the letter’s width. 
Courier font is an example of a fixed-width font. This means that “m” occupies the same 
horizontal space as “i”. By contrast, a proportionally spaced font (also termed proportional-
pitch or variable width) refers to fonts where the horizontal width of characters is 
proportional to their widths such as the Times New Roman font.5,20 Another important 
graphical font characteristic is the presence or the absence of serifs. In typography, a serif 
is defined as a decorative line that is added to the end of a character stroke or symbol 
(Figure 1.1). Typefaces are often described as serif or sans-serif (without a serif) fonts. A 
common serif font is Times Roman, and some common sans-serif fonts are Arial and 
Helvetica. 
A number of studies have compared serifs and sans-serifs fonts in terms of legibility. 
However, the results were not all in agreement and there is a debate in the literature on 
which fonts are more legible. Some have reported advantages for serif fonts over sans-serif 
fonts. Others have shown that individual preferences, contrast, interletter spacing or 
thickness of letters’ strokes may affect the legibility of the letters.Yager et al25 have shown 
that sans-serif fonts were read faster than serif fonts in a low luminance condition. 
However, at high luminance there was no difference in reading speed between sans-serif 
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vs serif fonts. A study by Arditi found that serifs in serif fonts enhance legibility and 
therefore, increase readability compared to sans-serif fonts.26  
 
 
 
 
Figure 1.1. A graphical demonstration of serifs. 
The specific choice of font may also have an effect on the legibility of letters. In a study 
by Mansfield et al.,24 reading speed, reading acuity and critical print size were compared 
using a proportionally spaced font (Times) and a fixed width font (Courier) for normal and 
low vision participants. They showed that higher maximum reading speed was achieved 
for subjects with normal vision using Times font. However, for participants with low 
vision, Courier font had advantages over Times in reading acuity, CPS and reading speed.  
1.3  Print size 
1.3.1 The x-height 
In the vision research literature, letter sizes are specified and measured based on the x-
height.20,27 This is determined by the physical “x-height” which is the height of the torso of 
  14 
lowercase letters or the height of lowercase “x” in millimeters.5,28 The x-height in Roman 
letters is measured from the base-line to the x-line (Figure 1.2).5 
 
 
Figure 1.2. How the x-height is measured in Roman letters. 
The x-height is a physical measure that can be measured by a ruler or an equivalent 
device in units such as millimeters, centimeters or inches.20 It has been used to measure the 
height of lowercase letters in continuous text charts or the height of optotypes in charts that 
use symbols or uppercase letters.20 In regards to visual acuity charts, the x-height is used 
to calculate the angular size of optotypes and a 1 M or 6/6 equivalent letter is one for which 
the x-height subtends 5 min or arc, which is considered equivalent to a distance acuity of 
6/6. 
1.3.2 Point size 
The point size (pt) is the smallest unit of measure in typography. Point size has had 
different definitions that have changed over the centuries with differences in different 
countries.5 Historically, point size was used to describe the height of the metal body of the 
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block used in typesetting. Nowadays, digital PostScript point is used and it is defined as 
1
72
 
inch which is approximately 0.353 mm for Roman letters.5 Point size is used in commercial 
word-processing softwares and is based on the measure of the total body size. Body size is 
defined as the distance from the highest ascender to the lowest descender.5 Point size can 
be calculated from the physical measure of the x-height for Roman letters, for a particular 
font, as there is a known relationship between the body size and the x-height.5  
In visual measurements, most of vision related sizes are based on or linked to the x-
height and/or point size which is the physical size of letters. If the x-height (physical size) 
of a letter and the reading distance are known, the visual angle in degrees can be 
calculated.5 Size in visual angle can be converted to decimal acuity, MAR (min-arc), 
logMAR, Sloan M and Snellen denominator.20 This made designing charts, defining sizes 
and converting to various size notations in Roman letters straight forward. 
1.3.3 Sloan M-unit 
The Sloan M unit is defined as the physical size of a letter which subtends 5 min arc at 
1 meter, thus based on the Snellen principle, the detail subtend 1 min arc.17,20 M size is 
usually used to indicate near visual acuity, although it is the denominator of the Snellen 
fraction in meters. It can be reported as a Snellen fraction as 
m
M
 where the numerator 
specifies the reading distance in meters and the denominator is the M size print.17 
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1.4 Reading performance  
Legge et al.20,29 studied and introduced reading performance measures that describe near 
vision ability in a series of papers, “The Psychophysics of Reading”, summarized in his 
book.20 Legge et al.20 classified reading performance by three main measurements: reading 
acuity, reading speed and critical print size (CPS). He introduced the reading speed curve 
by plotting reading speed as a function of print size. He also described methods to calculate 
reading acuity, reading speed and the CPS.20 
1.4.1 Reading speed 
Reading speed in its general form is the number of words that can be read in a given 
time. Correct reading speed or reading rate is the number of correct words read in a minute 
i.e. not counting words with errors. Legge et al.20 showed that in a typical reading speed 
curve, reading speed is relatively constant across large print sizes forming a plateau 
(Figure 1.3). As the person continues to read and the print size gets smaller, there is a 
turning point in reading speed where it becomes significantly slower. This point is defined 
as the Critical Print Size, CPS. The average reading speed within the reading speed plateau 
is known as the maximum reading speed. 
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Figure 1.3. An example of a typical reading speed curve. CPS is the critical print size. 
Reading speed is significantly affected by the difficulty level of the reading material30,31 
or reading task.20 Carver30,31 suggested that the difficulty of text depends on the mean word 
length, where reading passages with shorter words are easier/faster compared with text 
with longer words. Carver has also suggested that reading speed should be measured in 
“standard-length words” per minute. The standard word is described as the average word 
length in a given language. He defined the standard word length in English to be six 
characters. Many researchers24,30,31 have used standard length words per minute (SLWPM) 
in measuring reading speed. This is because using SLWPM helps to reduce the variability 
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in measuring reading speed that could occur from different word lengths in various 
sentences.20 
1.4.2 Reading acuity 
The smallest print size that a person can read correctly or mostly correctly is defined as 
reading acuity. A more accurate way of measuring reading acuity (or reading threshold) is 
to take into account the number of errors that have been made at each print size level.20 
This is similar to the “by-letter” method that is used in measuring distance visual acuity.12,20 
The step size is divided by the number of words on each print size level so that each word 
in the sentence has a weight. This means that as the number of errors increases, the final 
reading acuity decreases. Reading acuity (RA) is calculated as follows:20 
RA = smallest size attempted + (# of errors x 
0.1
# of words per level
) 
Reading acuity measurement using this method, where the number of errors is counted, 
is considered a more precise method than taking the acuity as the smallest sentence that the 
patient can read correctly.20 
1.4.3 Critical print size 
The critical print size (CPS) in a reading speed curve is the smallest print size on the 
reading plateau. It is taken as the print size that allows the person to read with his/her 
maximum, or near maximum, reading speed.20 CPS is useful to use when estimating the 
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optimal magnification for low vision patients.24 Several methods can be used to determine 
CPS. For patients with normal vision, it is relatively easy to determine the CPS from the 
reading speed curve by eye. A commonly used method to calculate CPS is to take the 
average reading speed of points that fall on the reading speed plateau and then ensure that 
other reading speed points are within 1.96 x SD the mean reading speed plateau.20,32 Some 
researchers have used curve fitting methods to calculate CPS.33,34 As CPS is the smallest 
print size that allows reading with maximum speed, an eye care professional can 
personalize prescribed magnification for every patient for optimal reading. CPS can also 
be used to calculate the ideal acuity reserve. The ideal acuity reserve is a ratio that is 
calculated as the difference between acuity threshold, and CPS (in log scale) or the ratio of 
the CPS and threshold in linear scale.35 The optimum acuity reserve can be used to estimate 
the required magnification so that the patient is reading at their own optimum acuity 
reserve, with the minimum amount of magnification.  
1.5 Standardized continuous text near acuity charts in English 
Clinicians can choose from a large variety of commercial charts. The choice depends on 
the type of patients they usually see and the usual measures they perform in their clinics. It 
is recommended that at least a combination of a letter, symbol/picture, and continuous text 
charts should be available in any eye-clinic to be able to test most patients and a variety of 
near skills. 
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1.5.1 The Minnesota low-vision reading test (MNREAD chart) 
The MNREAD chart20 is one of the first, well-established standardized continuous text 
charts that has been used to evaluate reading performance in patients with normal and low 
vision (Figure 1.4). It was developed by Legge and colleagues20,36 to measure reading 
acuity and reading speed as a function of print size. The sentences are of the same length 
and the same number of characters (60 characters) for each print size and are printed using 
Times Roman typeface. 
 
Figure 1.4. The MNREAD chart. Reproduced with permission from precision-vision.com. 
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 In addition, the sentences’ level of difficulty is the same throughout the chart. The 
construction of the MNREAD sentences followed strict criteria for sentence composition 
(see 1.1.2.3.1 Criteria for designing continuous text near acuity charts). Candidate 
sentences were tested with adults with normal vision in a pilot study to ensure the sentences 
were equal in the reading time and to eliminate sentences with higher than average reading 
time.20  
The MNREAD chart is available in two contrast polarities (black on white and white on 
black) and has nineteen levels of descending print sizes which range from 1.3 to -0.5 
logMAR (corresponding to 8.00 to 0.13 M). The range of sizes was chosen as follows: the 
smallest print size is lower than the threshold of people with normal sight, and the largest 
print size was selected to be practical for printing the chart and is large enough to test most 
patients with low vision. Each print size level has one sentence that is printed on three lines 
and consists of sixty characters. Standard word length in English is defined as six 
characters.30,31 Thus each sentence on the MNREAD chart consists of ten standard-length 
words which is convenient for scoring. Spaces between letters are included in the character 
count. The MNREAD chart is printed in Times Roman serif proportionally spaced font, 
which is representative of daily reading materials, being a commonly used font in English 
print. The “x” height was used to define and specify the print size of the MNREAD chart.20 
For Latin alphabets, the lower case “x” or “o” is used as it does not have an ascender or a 
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descender. The level of difficulty of the MNREAD sentences is low as the vocabulary was 
selected from high-frequency words of grade three reading material.20 The MNREAD chart 
was designed for testing at the standard reading distance of 40 cm. It is labeled with M 
notation, logMAR, and Snellen acuity. The MNREAD was the first chart used to plot 
reading speed curves and to extrapolate reading performance measurements (maximum 
reading speed, critical print size and reading acuity). The MNREAD chart has become a 
gold standard reading chart that has been used in many research studies and has been 
translated into several languages.37–41 
1.5.2 Colenbrander chart 
The Colenbrander chart is a continuous text reading chart with a logarithmic progression 
that uses unrelated pairs of sentences at each print size level.42 Each sentence of the pair 
ends with a full stop or a question mark (Figure 1.5). 
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Figure 1.5. The Colenbrander chart. Reproduced with permission from precision-vision.com. 
The sentences were developed with the same number of characters per print-size level 
(88 characters including spaces). It has fourteen print sizes that range from 6.30 M to 0.32 
M in Times Roman typeface. The sentences were created to be of the same number of 
characters, and they were tested for grade level after creation. They were found to be of 
grade 4 +/- 3 months level of difficulty (Colenbrander, personal communication). The 
sentences in the Colenbrander chart are shorter (each sentence of the pair is 44 characters) 
than the MNREAD sentences (60 characters). However, since there is a pair of sentences 
so that each print size level has 88 characters which is similar to length of MNREAD and 
the Radner (83-88 characters) charts, so they also can be considered valid for measuring 
reading performance (reading speed, reading acuity and CPS). The Colenbrander chart is 
also commercially available in other languages.  
  24 
1.5.3 Radner chart 
The Radner chart43 is a logarithmic progression continuous text near acuity chart. It has 
fifteen print size levels and is printed using the Helvetica typeface.43 It has print sizes 
ranging from 1.2 to -0.2 logMAR at 40 cms (corresponding to 6.30 to 0.25 M). Except for 
the largest print size which is printed on one line and has four words, all remaining 
sentences are printed on three lines and have fourteen words each (Figure 1.6).  
 
Figure 1.6. The Radner chart. Reproduced with permission from precision-vision.com. 
The criteria used to compose the Radner sentences are stricter compared to the 
MNREAD sentences. The Radner sentences are equal in their lexical and syntactical 
difficulty, and they were composed using grade 4 text with main clause and restrictive 
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relative clauses to ensure the ease of reading by adults.43 In addition, they were equal in 
the use of parts of speech and the number and length of words on each line, the position of 
the words and the grammatical difficulty.43,44 They used a formulaic approach e.g. each 
sentence had words of the same parts of speech in the same order. Radner aimed to make 
his sentences as comparable as possible by following these criteria. Initially, 34 sentences 
were created and tested. Twenty-eight sentences of high internal consistency in measuring 
reading speed were selected to construct the English Radner chart.43 These 28 short 
sentences were validated by recruiting adults and measuring their reading speed. The 
reading speed of the sentences was comapred with long paragraphs.43 Radner reported high 
reliabilty among the sentences in measuring reading speed. It is noteworthy that Radner 
only tested the original 34 sentences that were developed, found 28 to be highly 
comparable, and used them in the commercially-available Radner charts. The sentences are 
grade 4 level of difficulty and are printed in Helvetica43 which is a sans-serif font. It is 
designed for testing at 25 or 40 cm. The Radner chart is labeled with logMAR notation, 
Snellen, and decimal acuity. The sentences are equal in the number of words (14 
words/sentence) rather than the number of characters. As Radner sentences are long 
enough, they can be used to measure reading performance (reading speed, CPS, and 
reading acuity). Currently, the Radner chart is considered a standardized chart that has been 
used in many studies. The Radner chart is available in several languages,43,45–50 and all have 
been developed based on the same criteria and design with some language modifications.43 
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1.6 The International Reading texts (IReST) 
The IReST charts have been developed in twenty-one different languages with the 
intention to compare reading speed across different languages and for use in research 
studies in which reading speed is an important measure.51,52 These charts are designed with 
ten texts of one print size (0.4 logMAR, 1M). The IReST chart measures reading speed 
rather than reading acuity. The original IReST texts were composed in German and were 
then translated into the other languages.52 The texts are grade 6 level of difficulty printed 
in Times New Roman font. The IReST chart can be used to estimate reading speed for long 
passages but cannot be used to calculate CPS and reading acuity. As the IReST chart 
measures a particular aspect of reading (reading speed), it cannot be directly compared with 
other acuity charts.  
1.7 Charts in languages other than English 
Standardized charts have been developed in many languages following the standard 
procedures described above for developing acuity charts.16 For letter acuity charts using 
letters other than Roman letters, the challenges are to choose letters with similar legibility 
and to define spacing between letters. As for languages using Roman letters, developing 
continuous text charts is also more challenging compared to single letter charts. Yet it is 
important to develop these charts so that reliable measurements of reading performance 
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can be obtained in a person’s own language and so standardized continuous text near acuity 
charts have been developed in many languages.36–41,44–49,53  
Firstly the size of the font has to be specified. Most languages use Roman letters or have 
an “x” letter which makes it easy to define the size notations. Some languages (like 
Turkish) have extra letters to meet the language’s special phonetic requirements. The Greek 
language uses the Cyrillic alphabet, but both the Turkish and the Greek languages, and 
most other languages (where standardized charts are available) also have the “x” or “o” 
letters which can be used to standardized the size. The Chinese and Japanese languages do 
not use Roman letters. However, Chinese and Japanese characters can be fitted into an 
equal square area,41 which can be used to define the height of the characters and in defining 
spacing. Although this can be specified internally within the chart, to the author’s 
knowledge, how these measures relate to visual acuity measured with Roman letters has 
not been studied.  
Secondly, the construction of the sentences should be developed according to the criteria 
mentioned above (see 1.1.2.3.1 Criteria for designing continuous text near acuity charts). 
Below is a description of some continuous text charts in languages other than English.  
1.7.1 The Turkish MNREAD chart 
The Turkish language uses the same Roman alphabet with seven extra letters. The 
Turkish39 MNREAD chart was developed based on the design principle of the original 
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English MNREAD chart. A pool of sentences was composed from grade 3 school books 
and the sentences were evaluated by linguists for grammatical accuracy. Adult and child 
participants were recruited to read the new chart and two longer texts. Elimination criteria 
based on reading speed and number of errors were applied. Sentences with high variability 
of reading speed and number of errors were excluded. The final set of sentences which all 
gave a similar average reading speed were chosen to develop the Turkish MNREAD chart. 
The results also demonstrated that the reading speed of those sentences was highly 
correlated with reading longer texts. The authors concluded that the newly designed chart 
is valid in measuring reading speed in Turkish.39 
1.7.2 The Greek MNREAD chart 
The Greek alphabet is formed from Cyrillic script. Similar to English, the Greek 
alphabet has “o” and “x” which is used to define size notations. The Greek38 version of the 
MNREAD chart is based on the basic MNREAD design principles. As with the Turkish 
version, a large pool of sentences were composed from school books for children of seven 
and eight years and they were evaluated by Greek language teachers. The sentences were 
assessed by recruiting children and adults. Elimination criteria was used to exclude 
sentences with high variability in reading speed and number of errors. The final set of 
sentences was chosen to give the highest coefficient of repeatability in visual acuity and 
reading speed. 
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The Turkish MNREAD, Greek MNREAD and the UiTM-Mrw Malay53 charts all used 
school books to initially compose a pool of sentences of a certain grade level. Grammar 
and sentence structure were then evaluated by language experts or teachers. In the Turkish 
and Greek MNREAD charts, a pool of sentences was created according to the criteria for 
developing sentences and tested in children and adults.38,39 Average reading speed and 
numner of errors were used as the outcome measure for selecting sentences. Lastly, the 
final group of sentences were chosen based on reading speed data of children and adults to 
ensure that the sentences are valid in testing children and adults. Those sentences were 
used to construct the final version of charts. 
1.7.3 The Persian near reading chart  
Jafarzadehpur et al.54 developed two near charts in Farsi. The charts were designed 
similar to the design of two English charts (Richmond Products Inc (No. 11968R) and 
Bernell vocational near test card (Item # BC1196670). New texts were composed to be 
used in the development of these charts. The charts were printed in two different “famous” 
Persian fonts. Font size ranges were the same for the two charts and ranged from 2 M to 
0.4 M. Adult participants were recruited to read the two Persian charts and compare the 
results with the Richmond Products Inc English chart. Near visual acuity was measured 
with and without a positive cylindrical lens (+2.00DC x 90) for the three charts. The 
outcome measures were near visual acuity (MAR) and reading speed (seconds). Kappa 
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sensitivity and specificity was used to measure the agreement between the charts. For 
visual acuity, the authors reported kappa coefficient of 61.1% between the Persian charts 
with good correlations between Persian chart 1 and the English chart (0.824), and Persian 
2 and the English chart (0.817). They also reported a sensitivity of 97.5% and specificity 
of 55.6% compared to the English chart. So despite different fonts, the two Persion charts 
give a similar measure. 
Some major points in the design of the Persian chart have not been taken into account 
as it was based on the design of the Richmond Products Inc English chart. The choice of 
Richmond Products Inc is a concern as it does not appear to conform to the criteria for a 
standard chart in English. Some obvious non-standard design principles are 1) the spatial 
layout of the text is not uniform throughout the chart. 2) the number of characters on each 
print size level in not uniform. 3) the print sizes’ range might have a floor effect and 
underestimate near visual acuity as the smallest print size is 0.4 M. 4) the physical length 
of the sentences is not the same for the different font size levels. 5) there are relatively long 
words that are longer than 10 letters e.g. there is a 16 letter word. 6) the use of hyphened 
words, commas, semicolons and quotation marks. As the new Persian charts were based 
on the design of the Richmond Products Inc in English, they lack most of the standard chart 
design features. 
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The Persian language uses the same alphabet as the Arabic language with four extra 
letters. The Arabic alphabet is very different from Roman letters. X-height is used in 
languages that utilize Roman letters to specify font size notations. The authors54 did not 
discuss how the size of the Arabic letters was defined. They reported that “VA results were 
converted to minimal angle of resolution (MAR)” however, it is unclear what font size 
notation they used in printing the text initially. Defining the font size is a major 
consideration in order to be able to evaluate the chart, to compare it with another language, 
and to recommend it for clinical use. In addition, the texts they used in constructing the 
new charts were not tested for equal readability and their grade level of difficulty is 
unknown. 
1.8 Arabic acuity charts 
Between 1968 and 1999, there have been attempts to design several DVA charts and 
four NVA charts in Arabic. However, none of these charts is commercially available at 
present. In 1968, Emarah55 designed the first DVA chart in Arabic, using Snellen’s design. 
A unique Arabic font was used to construct Arabic letters on a 5 x 5 framework. In the 
same year, Al-salem56 suggested a design for a near chart in Arabic that would incorporate 
passages from Arabic literature. He recommended nine print-size levels, ranging from 48 
to 6 point size (pt). It is unclear if the chart was ever produced. Al-Samarrai57 designed 
distance and near single letter Arabic charts using a different font than the ones used 
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previously. He claimed that his charts overcame the large step sizes in the Emarah and Al-
Salem charts. He reported that the differences between size levels in the previous charts 
were not uniform with the largest gap between the smallest two levels. He developed his 
charts using a wider range of print sizes with a more accurate geometric grading. The near 
chart was  1 17th⁄  of the distance chart and the print ranged from 60 to 3 pt with twelve size 
levels. In 1994, Al-Khattabi and Oduntan58 published a paper on their Arabic DVA chart 
for low vision examinations. They reported that the large print in previous charts was not 
sufficient in size or quantity to evaluate patients with low vision. Their chart used Snellen’s 
notation and single letters with thirteen print sizes, ranging from 20/600 to 20/80 (6/180 to 
6/24). In addition, they arranged some of the rows so as to form short Arabic words (2-3 
letters). Although the Arabic language requires cursive writing only, short, simple words 
with unconnected letters can be read. The authors claimed that this design would help in 
evaluating several forms of impaired vision. 
Two years later, Oduntan59 designed a near single-letter Arabic chart using a logarithmic 
progression. He chose ten Arabic letters that could be constructed on a 5 x 5 grid. The 
legibility of each letter and row was measured. The chart was designed for testing patients 
with low vision at 40 cm, and the print size ranged from 1.4 to 0.5 logMAR. Al-Mufarrej 
et al.60 described a single letter DVA logMAR chart. In their chart, they used twelve Arabic 
letters that could be constructed on a 5 x 5 unit framework. Solid horizontal and vertical 
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lines were added at the end of each row and the top of the chart. They suggested that those 
lines would control contour interactions. Oduntan and Al-Abdulmunem61 designed a 
logarithmic progression single letter NVA chart. They compared their threshold values 
with the values that were obtained using a “Bailey and Lovie reduced acuity chart”. The 
chart was designed for testing at 40 cm, and the print ranged from 0.8 to -0.1 logMAR. 
Oduntan and Briggs,62 made the most recent attempt at developing an Arabic chart, which 
allowed a matching response. They chose an Arabic letter that looks like an E and could 
be displayed in one of four orientations so that the patient could indicate the orientation, as 
they would for a tumbling E. The letter was constructed on a 5 x 5 grid. It was a logarithmic 
DVA chart for testing at 4 m and had fourteen print size levels (range 1.0 to -0.3 logMAR). 
Certain problems are associated with the design of these historical Arabic acuity charts. 
The older charts55–58 were based on the original Snellen’s design and spacing, which has 
been proven inaccurate for measuring VA.8,14,16 The later logarithmic single letter DVA 
charts followed the recommended design of visual acuity charts.59–61 The studies described 
the rationale behind measuring the legibility of the selected letters and the combination of 
the letters in each row.59–61 However, it is unclear how the twelve letters initially were 
chosen from the twenty-eight letters of the Arabic alphabet. There is no report in the vision 
science Arabic literature comparing the legibility among the subset of letters, although 
Oduntan, Al-Mufarrej et al, and Oduntan and Al-abdulmunem did compare the legibility 
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of each row and/or their chosen letters. In addition, the font used in the charts is commonly 
not stated or is a font not used in regular print, although this is also the case for Snellen, 
Bailey-Lovie and ETDRS charts. Studies have shown that the choice of font in visual acuity 
charts plays a major role in legibility where some fonts might be easier to read than 
others.24–26,63 Some of the fonts in the older Arabic charts are described as sans-serif fonts 
and were chosen for their sharp edges, which allowed the letters to fit into a 5 x 5 square, 
similar to a Roman Snellen letter.58–61 To the author’s knowledge, none of them are 
commercially available. 
There is only one study in the literature of a continuous text near acuity chart in Arabic 
by Al-Salem.56 In the proposed design Al-Salem56 did not follow the major recommended 
standardization design criteria. The passages chosen were famous sayings with repeated 
words in some of them. This means that the observer’s recollection of the sayings would 
influence the result. The difficulty level of the passages is unknown, which might have 
made the level of literacy a factor in the resulting acuity. Thus, they may not be suitable 
for testing people with a low reading level or children.  
Thus there seems to be a lack of good standardized acuity charts in Arabic. This may be 
less of a problem for DVA, as DVA can be measured using symbol or number charts. For 
distance VA, the simple ability to resolve angular detail is sufficient for refraction and 
disease detection. However, continuous text near reading acuity charts have to be 
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developed and validated in many world languages, since this more complex function must 
be measured in a task that is familiar and relevant to the individual patient.   
1.9 Arabic language 
The Arabic language belongs the Semitic group of languages which include 
Amharic, Aramaic, and Hebrew.64 Arabic’s origins predate Islam, with the earliest written 
evidence for the language dating to the seventh century BCE. Beginning in the seventh 
century CE, the language was codified and developed alongside the rise of the Islamic 
empires, becoming the standard language for administration, science and scholarship.64 As 
of 2017, Arabic is ranked as the 4th most spoken language globally in terms of the number 
of first language speakers, as it is spoken by 295 million people in 57 countries.65 There 
are numerous Arabic colloquial dialects in different Arabic speaking countries, and they 
differ profoundly in grammar, vocabulary, and sounds. Some differences between dialects 
can be very challenging, even for native Arabic speakers. However, all Arabic-speaking 
countries can understand Modern Standard Arabic (al-lughah al-ʻArabīyah al-fuṣḥá), 
which is a form of Classical Arabic. Modern Standard Arabic is the standard used in books, 
newspapers, education, broadcast communication and official governmental documents. 
Arabic script is very different from many Latin-based languages. It is written and read 
from right to left in a cursive style with no capital letters or hyphenated words. Arabic 
script is a bi-directional script as numerals are read from left to right.66 There are twenty-
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eight letters in the Arabic alphabet. All of the letters are consonants, with the exception of 
three letters that are sometimes long vowels, depending on their context within a word. 
There are also three short vowels which are not part of the alphabet but are represented by 
diacritics or vocalization marks. Every letter has three or more forms depending on the 
location of the letter in the word and the neighboring letters. For every letter, there will be 
an initial, middle, final and free standing shape. When connected in words, some letters 
change significantly, while others generally maintain their original shape (Figure 1.7). 
 
 
Figure 1.7. The change of letter shape with position in the word. The top row illustrates the letter 
“saad”, which changes little when it takes on different positions within a word. In comparison, the 
letter “haa” (in the second row) changes shape significantly when it appears in different positions. 
From right to left the illustration shows these two letters at the beginning of a word, in the middle of a 
word, at the end of a word, and finally, the letters as they appear freestanding. The black sections 
show where it would be linked with another letter.  
  37 
Some of the letters share the same basic shape. These letters are distinguished from one 
another with the use of diacritical dots, which can appear above or below a letter’s basic 
shape (Figure 1.8). Dots are the only feature that distinguishes these letters from each 
other. The dots may vary from between one to three dots and are placed above or below 
letters. Fifteen letters out of the twenty-eight letter alphabet utilize diacritical dots. A group 
of six letters has extra rules, in which their shape not only depends on their position within 
a word, but also on the previous letter. For example, the letters (  ،ذ ،د ،ر ،ز و ) can connect 
to the previous letter from the right, but not the next letter on the left. 
 
 
Figure 1.8. Different Arabic letters that share the same shape, but different configurations of 
diacritical dots. 
Another feature of Arabic is the use of vocalization marks or diacritical marks to indicate 
vowels. They are equal to vowels in English and serve as phonetic guides to help a speaker 
pronounce the words correctly. Vocalization marks are absent in regular print, as 
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experienced readers can easily read unvocalized text with the correct pronunciation, just 
by relying on contextual cues. Vocalization marks are used as learning aids for children, 
for people studying Arabic as a second language, in poetry, dictionaries and religious 
passages where it is critical to read with the correct pronunciation. These diacritical marks, 
which indicate vowels, are written above or below letters. Vocalized text (using the 
vocalization marks) is called shallow orthography while un-vocalized text for advanced 
readers is considered deep orthography. Homographs, which are words that are visually 
and orthographically homographic,67 are very common in Arabic. Homographs are words 
with different pronunciations and meanings which are only differentiated by diacritical 
marks.68 Without these diacritical marks, Arabic homographs can be very challenging even 
for skilled readers.67 
1.9.1 Typography 
There is a large selection of Arabic fonts. Some of them are artistic and not used in 
regular print. Some font characteristics will appear in some fonts but not others. Those 
characteristics may make it harder to read the text, especially for children or inexperienced 
readers. It is imperative to select a font according to what it will be used for. Kashidas and 
ligatures are the font characteristics that appear most frequently.  
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1.9.1.1 Ligatures 
A ligature is defined as the combination of two or more letters to form a single glyph (a 
glyph is a basic shape that represents a readable character). Ligatures appear in many fonts 
as the cursive nature of Arabic writing encourages it.69 Ligatures appear for aesthetic 
reasons. Also, as a ligature is the combination of two or more letters, it makes words shorter 
and can help in line justification.69 However, using ligatures may decrease the legibility of 
words and is likely to make reading more challenging because of increased crowding and 
variability of form. For specific groups of letters, some fonts combine two letters, while 
other fonts will combine groups of more than two letters within a word. Figure 1.9 shows 
an example of ligatures for the same group of letters as used by different fonts. 
 
 
Figure 1.9. Different Arabic fonts showing varying levels of ligatures for the same four letters. From 
the right Times New Roman font showing no ligatures. In the middle, Uthman Taha Naskh showing a 
ligature for the first two letters. On the left, Arabic typesetting font showing a ligature for the first three 
letters. For the four-letter word, the numbers 1 to 4 demonstrate each letter. 
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1.9.1.2 Kashidas 
A kashida is the stretch of the spacing between connected letters utilized to make a word 
longer. It is used to emphasize an important piece of the word, to increase legibility, for 
aesthetic reasons and for line justification.69 Unlike ligatures, kashidas can be added or 
omitted from any font, as it is not part of the font, but something a writer adds with a 
typesetting device. Figure 1.10 shows different degrees of kashidas. 
 
 
Figure 1.10. Kashidas. The first word on the right has standard letter spacing (no kashidas). Moving 
to the left shows increasing levels of kashidas. 
1.10 Reading in English and Arabic 
The way in which an individual reads and understands Arabic is different from how one 
reads and understands English, due to major differences in how the two languages are 
written. Arabic presents many challenges for readers, as vowels are not always present in 
written texts. In English, vowels are always present in each written word.68 The absence of 
vowels in Arabic means that a reader in Arabic must understand the context and 
grammatical construction of a sentence to be completely sure of its meaning and 
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pronunciation, while an English reader does not necessarily need this context in order to 
decode the text, although they do require these skills for good comprehension, which is a 
part of reading.68 Every Arabic speaker speaks two languages: the area-specific dialect for 
daily verbal communication and formal Arabic which all Arabic speakers use for reading 
and writing. Thus a complete knowledge or well-educated understanding of the Arabic 
language demands knowledge of both Modern Standard Arabic (FusHa) and at least one 
colloquial dialect of Arabic. The variances between FusHa and various colloquial Arabic 
dialects include both differences in vocabulary and syntax (the typical arrangement of 
words to create clauses, phrases, and/or sentences). Thus, although one language, Arabic 
is considered diglossic (where there are two distinct standards in use for one language, or 
where two dialects are utilized by one language).  
English presents different challenges to reading. For instance, in English grapheme-
phoneme correspondence is not always predictable. Vocalized Arabic, in comparison, is 
consistent in this respect as only one phoneme can be assigned to any grapheme. English 
also presents difficulties for readers due to the existence of heterographic homophones 
(words which are pronounced identically but are spelled differently), for example ‘sent’ 
and ‘cent’. On the other hand, vocalized Arabic does not have heterographic 
homophones.68 Also, vocalized Arabic does not contain any heterophonic homographs 
(where words with different meanings or pronunciations that are spelled identically), 
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whereas English certainly does.68 An example of a heterophonic homograph in English is 
‘will read’ and ‘has read’. It is important to note that unvocalized Arabic contains many 
heterophonic homographs while vocalized Arabic does not. While English presents some 
challenges to readers, written Arabic’s cognitively and visually demanding nature may 
result in slower reading speeds in comparison to English and a variety of other languages.67   
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Chapter 2 
RATIONALE AND AIMS OF THE STUDY 
2.1 Rationale 
Distance visual acuity is the best-known and most commonly used measure of visual 
function. It is a historical measure that is carried out in almost every eye examination. 
Reading acuity measurement (visual acuity for text or words) is important in assessing a 
patient’s reading performance. Although there is a good correlation between distance letter 
acuity and word or text acuity,24,70,71 they are not equal.24,70–72 Reading acuity is critical in 
assessing patients’ near performance as it indicates the limit for reading small print. 
Reading acuity is also used to estimate the required magnification for reading tasks. 
Word reading charts are available in many languages. Arabic is ranked as the fourth 
spoken language (in number of first language speakers) as it is spoken in 57 different 
countries globally, with 295 million native speakers.65 Arabic is also the language of the 
Quran which is the holy book of Islam. Therefore it plays an important role for more than 
1.6 billion Muslims worldwide.73 Despite the large number of Arabic speakers worldwide; 
there is no standard Arabic reading acuity chart. There have been some attempts to develop 
Arabic distance and near visual acuity charts55–62 but none of them has been produced or is 
commercially available. In addition, none of the charts described in section 1.8 meets the 
accepted criteria and therefore is not ideal for clinical use. 
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Many clinicians rely on the Tumbling E chart as is it suitable for children and people 
who are illiterate. The IReST15 charts have just become available in Arabic. These measure 
reading speed only for people with normal vision and were primarily developed for 
research settings, and comparing reading speeds in different languages. There has been one 
attempt to develop a continuous text near chart in Arabic, by al-Salem.56 However, his chart 
is not ideal as the sentences that were used in his chart were taken from Arabic literature. 
In addition, the smallest print size that was used was 6 pt which may underestimate 
patients’ near VA.  
Given the lack of a standardized reading acuity chart in Arabic and the importance of 
using standardized charts in clinical and research settings, this study was designed with the 
following objectives: 
1. Decide on the optimum font for use in a continuous text chart in Arabic 
2. Develop candidate sentences according to the criteria for designing continuous text 
near acuity charts (equal grade level and length in terms of characters)      
3. Test and validate the sentences for equal readability in children and adult participants 
and choose a sub-set of sentences with equal readability to construct the final charts 
4. Construct charts based on the currently accepted design criteria  
5. Validate the charts for within-chart reliability based on reading acuity and reading 
speed 
6.  Validate the charts by comparison with Arabic charts based on reading speed  
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7. Calibrate the Arabic charts for “normal” visual acuity (0.00 logMAR) against English 
charts    
The long-term goal is to make the newly designed Arabic reading acuity chart 
commercially available for clinical and research settings. It is expected to be widely used 
in Arabic-speaking countries. 
2.2 Aims of the study 
1. A preliminary study investigated the choice of the optimum font to be used in the 
construction of chart (Chapter 3) 
2. The aim of the first main study was to develop a large number of candidate sentences 
according to the accepted criteria for designing continuous text near acuity charts. 
Then, the reading speed and reading acuity of sentences were tested in children and 
adults. Statistical analysis was conducted to eliminate outlier sentences with higher or 
lower, or more variable, readability, and a final group of 45 sentences was selected to 
be used in the construction of three versions of the Balsam Alabdulkader-Leat chart 
(BAL) according to current design principles (Chapter 4). 
3. Having selected the sentences, a second developmental study was to construct the 
charts in terms of print sizes, line spacing and inter-level spacing (Chapter 5). 
4. The second main study measured and compared reading acuity, CPS and reading speed 
using the three versions of BAL chart (to determine reliability). The visual acuity 
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results were compared with two English charts (MNREAD, and Radner) to calibrate 
for normal visual acuity in Arabic compared to English. Reading speed was compared 
with the IReST Arabic chart to validate the BAL chart for reading speed (Chapter 6).  
Both studies were cross-sectional studies in which participants read the candidate 
sentences (study 1) or read down the Arabic and English charts (study 2). 
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Chapter 3 
 CHOICE OF TYPEFACE 
3.1 Introduction 
The selection of typeface or font is the first decision to make in creating a visual acuity 
chart. Many studies have investigated and compared specific fonts’ characteristics such as 
the presence and absence of serifs, or the use of proportionally spaced fonts over fixed 
spaced fonts.24–26 Some of those characteristics studied with consideration to the legibility 
and readability of the text (see 1.2 Font types and characteristics). For visual acuity 
measurements using continuous text charts, all parameters, including typeface, spacing, 
chart contrast, optotype legibility and level of difficulty of sentences, must be controlled 
as they might affect the resulting acuity. This control ensures that poor acuity is due to 
vision not any other factors (as long as the patient can read competently with larger print). 
Many scholars19,20,56 have reported that the most-commonly used font in a language would 
be the optimal choice of font for use in a visual acuity chart. That is, they recommended 
the font that is used in everyday printing materials in a particular language, e.g., books, 
newspapers, magazines, government documents, etc. A simple, less ornate, font would also 
be desirable. 
Arabic is the official language in 57 countries,65 and some fonts are more commonly 
used in some countries than others. A large number of historical artistic fonts are still used 
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in printing the Quran, poetry and literature books. Those fonts cannot be used in designing 
visual acuity charts because of the extensive use of ligatures and kashidas. A ligature is 
defined as the combination of two or more letters to form a single glyph (see 1.9.1.1 
Ligatures). The use of ligatures in visual acuity charts is undesirable, as they may increase 
crowding and decrease legibility, especially in small font sizes. In addition, distinguishing 
letters will be challenging for patients with low vision or children who might not be familiar 
with ligatures.  
To the author’s knowledge, there are no published data on the most commonly used font 
in Arabic speaking countries. Therefore, an investigation of the most commonly used font 
in Arabic printed materials was carried out by examining thirteen newspapers and two 
magazines from ten different Arabic speaking countries. These fonts were then matched to 
the nearest Arabic font in Microsoft (MS) Word©. 
3.2 Procedure  
A chosen text from different newspapers was typed in Arabic (MS) Word using the font 
that appeared closest to each newspaper’s font. An attempt was then made to superimpose 
this copy against the newspaper text. This was done by holding the two pages against bright 
light, so that they were transilluminated and so that both prints could be seen. The 
newspapers’ fonts could not be directly matched with (MS) Word fonts, and so this method 
was abandoned for the following reasons: firstly, between-line spacing and justification in 
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newspapers is very different compared to (MS) Word (Figure 3.1); secondly, newspapers’ 
paper quality is bad, which made superimposing the two texts difficult (Figure 3.2). 
 
 
Figure 3.1. Comparison between MS Word font and newspaper font. Newspaper font (right) and MS 
font (left). 
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Figure 3.2. Text taken from an Arabic newspaper showing poor quality print. 
Ligatures seemed not to be governed by specific criteria in the sampled newspapers. 
However, in regular word-processing software, including MS Word, ligatures are part of 
the fonts’ design and cannot be omitted or modified by the user. MS Word ligatures appear 
if a certain set or pair of letters are connected. However, in the sampled newspapers, 
ligatures appeared irregularly for the same set of letters. It is noteworthy that some of 
newspapers’ fonts looked visually identical to each other and to MS Word fonts, but with 
close examination, some differences were noticed. The editor in chief of “Asharq Al-
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awsat” newspaper was contacted to inquire about the font in his newspaper. Asharq Al-
Awsat is the world’s premier pan-Arab daily newspaper, launched in London in 1978 and 
printed simultaneously in 14 cities each day on four continents.  He indicated that they use 
their own specially designed font. This explains why their ligatures appear irregular 
compared to those in MS Word. It seems that this practice is very common in Arabic 
newspapers, whereas English newspapers use a standard font. The fonts in most Arabic 
newspapers are not public information or publically available. Therefore, they could not 
be used in developing the new chart.  
Another approach was to select a font from MS Word for the advantages of cost and 
availability. In addition, using a stock font would make it easier for the study to be repeated 
by others and printed in the final version. Many modern continuous text near acuity charts 
in several languages have used Times New Roman font,20,38,39,51,53 while others have used 
Arial44 or Helvetica.43 These latter two fonts are essentially the same. As mentioned above, 
it is critical that the chosen Arabic font does not utilize ligatures, and neither Arabic MS 
Word Times New Roman and Arial fonts do so. To examine any differences between 
Arabic Arial and Times New Roman fonts, the Arabic alphabet and some set of words with 
different combinations of descender and ascender letters were compared by superimposing 
them electronically to study any differences. The differences were minute and probably not 
significant (Figure 3.3). 
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Figure 3.3. Superimposing two MS Word fonts. MS Word Arial font (pink) is superimposed on Times 
New Roman (black). 
 
The final decision was to choose Microsoft Word Arabic Times New Roman font as it 
does not use ligatures and it is frequently used in reading charts in other 
languages.20,38,39,51,53 
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Chapter 4  
TOWARD DEVELOPING A STANDARDIZED ARABIC CONTINUOUS 
TEXT READING CHART 
4.1 Summary 
Purpose: Near visual acuity is an essential measurement during an oculo-visual 
assessment. Short duration continuous text reading charts measure reading acuity and other 
aspects of reading performance. There is no standardized version of such chart in Arabic. 
The aim of this study is to create sentences of equal readability to use in the development 
of a standardized Arabic continuous text reading chart. 
Methods: Initially, 109 Arabic pairs of sentences were created for use in constructing a 
chart with similar layout to the Colenbrander chart. They were created to have the same 
grade level of difficulty and physical length. Fifty-three adults and sixteen children were 
recruited to validate the sentences. Reading speed in correct words per minute (CWPM) 
and standard length words per minute (SLWPM) was measured and errors were counted. 
Criteria based on reading speed and errors made in each sentence pair were used to exclude 
sentence pairs with more outlying characteristics, and to select the final group of sentence 
pairs. 
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Results: Forty-five sentence pairs were selected according to the elimination criteria. 
For adults, the average reading speed for the final sentences was 166 CWPM and 187 
SLWPM and the average number of errors per sentence pair was 0.21. Childrens’ average 
reading speed for the final group of sentences was 61 CWPM and 72 SLWPM. Their 
average error rate was 1.71.  
Conclusions: The reliability analysis showed that the final 45 sentence pairs are highly 
comparable. They will be used in constructing an Arabic short duration continuous text 
reading chart. 
4.2 Introduction  
Reading is essential in modern life and is the most common rehabilitation goal for 
people with low vision.74 Inability to read significantly affects quality of life and so aspects 
of reading are usually included in vision-related quality of life measures.75–78 Reading 
acuity measurement (acuity for text or words) is important in assessing a patient’s reading 
performance20 and in understanding the impact of eye disease.79–81 Although there is a good 
correlation between distance letter acuity and word or text acuity,24,70,71 they are not 
equal,70,72,82 and word or text reading acuity is more related to everyday reading tasks.21,22 
Charts using short duration continuous text are considered a better representation of a 
person’s vision for everyday reading than charts using unrelated words21,22 as reading short 
duration sentences includes cognitive and visual factors, e.g. effects of context and 
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crowding.20 They quickly assess a patient’s near reading acuity and can also measure 
maximum reading speed and critical print size (the smallest print to achieve maximum or 
near maximum reading speed).20 These measures indicate the potential for reading small 
print fluently, and are used to estimate the required magnification for reading in patients 
with low vision. The use of standardized sentences and layout is important, so that the print 
size is the only parameter that affects the threshold, and not variability in the text difficulty 
or crowding effects, so as to ensure reliable and repeated results.14,16,38,44 
The concept of using standardized sentences of equal length and difficulty was first 
introduced by Legge and co-workers in 1993 and developed into the MNREAD charts.36 
Radner et al43 developed the concept further, creating sentences which were equal in terms 
of lexical and syntactical difficulty, word length and positioning of words within the 
sentence. Continuous text reading charts are now available in many languages.38,39,44,45,48,51–
53 Arabic is ranked as the fifth spoken language (in number of first language speakers) and 
is spoken in 60 different countries globally, with approximately 237 million native 
speakers.83 Despite this there is no short duration standardized Arabic reading acuity chart. 
There have been a number of attempts to develop Arabic distance and near letter visual 
acuity charts,57–62 but none of them have been produced or are commercially available. The 
lack of standardized continuous text reading charts has made the use of non-standardized 
charts very common. These are either created and printed by clinicians or freely distributed 
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by eye-care companies for advertisement purposes. These charts use sentences that have 
not been developed according to the recommendations for standardized reading acuity 
charts8,16,20,22 and they have not been tested for reliability and repeatability. It is important 
that chart variables, such as text typeface, text difficulty, and text length should be equal 
for different acuity levels so that comparable results are given with different versions of 
the chart. The one standardized reading chart in Arabic is the IReST texts,51 but this is 
primarily a measure of reading speed rather than reading acuity. It is composed of 
paragraphs of text in one size of print. 
Reading charts are available in different types. They differ in their design (i.e. unrelated 
words, mixed contrast, long passages)19,42,51,52 and test purposes (reading comprehension, 
silent reading).84,85 The ultimate purpose is the development of the first standardized short 
duration continuous text near reading charts in Arabic. This type of chart is commonly 
used, is easily administered clinically and gives results which are related to daily reading 
material.20 The final layout was chosen to be similar to the Colenbrander charts which uses 
pairs of equal length sentences in a logarithmic size progression. Although his sentences 
were created based on certain criteria (e.g. words no longer than 10 letters), they were not 
formally tested for difficulty of reading. Retrospectively, they were found to be of grade 4 
difficulty (Colenbrander, personal communication). There are two approaches to the 
development of standardized sentences. Either sentences are generated that are matched 
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according to the number of characters and physical length and then empirically tested20,36 
or sentences are generated to have equal lexical and syntactical difficulty, word length and 
positioning of words.43 As this is the first chart in Arabic, we chose the former method. 
The aim of this initial study is to create Arabic sentences of equal readability to be used in 
the development of these charts. Since the characters and writing in Arabic are complex 
and quite different from Roman letters, there are many decisions to be made regarding the 
choice of typeface and print characteristics. This paper describes the rationale for these 
decisions and the creation of a set of sentences with good reliability. 
4.3 Methods 
4.3.1 Choice of typeface 
It has been suggested by other researchers19,20,56 that the optimum font would be the most 
commonly used font in everyday printed material such as newspapers, magazines, books 
etc. However, most Arabic newspapers use their own specially designed font, whereas most 
English newspapers use commonly available proportionally spaced serif fonts (e.g. Times 
New Roman).20 The exact fonts used in popular Arabic newspapers are not available, for 
use by others and thus, could not be used. Therefore, the closest available font in Microsoft 
Word© was chosen, which was Arabic Times New Roman font. This choice had additional 
advantages. Firstly, it is frequently used in reading charts of other languages.20,38,39,51,53 
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Secondly, Arabic Times New Roman font in Microsoft Word© does not use ligatures, 
which are specific Arabic font characteristics. A ligature is used when more than one 
character is joined to form a single glyph (a readable character or shape) (Figure 4.1) and 
they cannot be eliminated. The use of a ligature could affect the readability, as it changes 
the shape and height of a word and may cause more crowding, especially in small font sizes 
and for people with low vision. Thirdly, it has been shown that Arabic Times New Roman 
results in enhanced reading performance compared to Courier.63 
 
 
Figure 4.1. Demonstration of Arabic typeface characteristics. A. A sample of a five-letter word (which 
means community) in Times New Roman font. The numbers 1-5 indicate each letter. B. The same 
word with a ligature using Arabic Typesetting font. 
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A second decision was not to use vocalization marks, as they are absent in everyday 
materials ,86,87 like newspapers. Experienced readers fluently read unvocalized text by 
using contextual clues.87 Vocalization marks are usually used to clarify the pronunciation 
of certain words. They are commonly used as learning aids for children and beginner 
readers, in dictionaries and some literary materials,87 in poetry86 and the Quran, where it is 
imperative to avoid misreading. However, general readability improves without 
vocalization marks when in conjunction with the simplest font.86  
4.3.2 Creating a set of sentences with high reliability 
The ultimate goal is to produce three versions of Arabic continuous text near visual 
acuity chart, so that repeated testing is possible (e.g. binocularly and monocularly). The 
charts will be developed to be similar in design to the Colenbrander near acuity charts, in 
which each font size has a pair of unrelated sentences designed to be of the same length 
and difficulty, with the same number of characters including spaces and ending with a full 
stop or question mark. For the Arabic chart, it is planned that each chart will have fifteen 
pairs of pairs of sentences in a logarithmic progression of decreasing print size. Ultimately, 
forty-five pairs of sentences are needed to produce the three different charts. Candidate 
sentences were initially developed by BA based on the content and the vocabulary of grade 
three Arabic schoolbooks and with the help of two Egyptian Arabic school teachers. The 
sentences in each pair were independent of each other in their semantic content and were 
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designed so that each is printed on a separate line. They were created at approximately the 
same level of difficulty, the exact same physical length, and the same number of characters 
with spaces for each pair of sentences (102 characters). The number of words in each pair 
ranged from 16 to 22 and no words had more than ten letters (Figure 4.2). Two sample 
sentences in Arabic with their English translation can be seen in Figure 4.2. The sentences 
were then checked by three Arabic language specialists from Saudi Arabia for grammatical 
and sentence structure accuracy. Lastly, the sentences were sent to three other readers, from 
Libya, Egypt and Morocco to check that the sentences did not contain cultural inaccuracies 
in these countries. The use of people from several Arabic countries ensured that the 
sentences are understandable across different Arabic countries and cultures.  
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Figure 4.2. Example of a pair of sentences. The English is not a literal, word-for-word translation, but 
a semantic translation i.e one that conveys the meaning in natural English. 
The sentences were printed in Microsoft Word© using Arabic Times New Roman font, 
in a font size that was well above the thresholds of participants with normal visual acuity, 
so that reading accuracy and speed would not be limited by vision, but by the readability 
(difficulty) of the text. Thirty-five point size was chosen, which is the largest font that 
would fit easily on a standard 8.5 by 11 inch (21.6 x 27.9 cms) page in landscape 
orientation. Since there is no measurement of the size of print in Arabic similar to the “x” 
height5 in English, this print size cannot be compared directly with Roman letter point sizes 
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or x heights. However, in the current study this lack of clear comparison is not expected to 
have an impact, as the print size was not varied. All the sentences were printed in this 
chosen size and of the same font. Determining an equivalent of the “x” height will be the 
subject of future studies. Each pair of sentences was printed in landscape orientation at the 
center of a 8.5 x 11 inch separate page using 1.15 line spacing and all pages were inserted 
in a binder folder. The folder was supported on a wooden reading stand to easily display 
the sentences. A standard reading distance of 40 cm was used for adults and 30 cm for 
children. A thread measuring 30 or 40 cm was attached on the side of the stand to measure 
the exact reading distance and was used to frequently check the reading distance and to 
keep it constant. 
4.4 Participants 
The sample consisted of 69 native Arabic speakers from twelve different countries. 
Snowball sampling was used to recruit fifty-three adults from the University of Waterloo 
and from the city of Riyadh in Saudi Arabia. The inclusion criteria were being a fluent 
Arabic speaker, VA 6/7.5 or better (with habitual correction) and no known eye disease.  
The adult participants were aged from 18 to 60 years (mean 31.1) and included 31 males 
and 22 females. In terms of their education, 41% had completed high school, 29% had 
completed first post-secondary studies, and 30% of the participants had completed post-
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graduate studies. For the child sample, seven male and nine female grade three participants 
were recruited. 
Distance visual acuity was measured binocularly using an EDTRS logMAR chart (for 
those who could recognize Roman letters) or a LEA Symbols® Massachusetts Flip Chart 
at 3 m (for those who did not know Roman letters). Near visual acuity was measured using 
a Sloan Letter Near Vision Card or a Lea symbols® near vision card at 40 cm. 
Grade three students were recruited from Altarbiya Alislamiya Schools in Riyadh, Saudi 
Arabia. The inclusion criteria were as follows: age 7 to 8 years (grade three), fluent Arabic 
speaker, no known learning or reading disability or special needs, no Autism or behavioral 
issues as reported by the parents. Distance visual acuity was measured binocularly using 
the LEA Symbols® Massachusetts Flip Chart at 3 m and near visual acuity was measured 
with Lea symbols® near vision card at 40 cm.  
4.5 Procedure 
The luminance of the paper was set to be ≈130 cd/m2. Participants’ ocular and general 
health history was recorded.  
The order of the sentence pairs was randomized for each participant and all participants 
were videotaped while reading the sentences. Participants were instructed to read aloud as 
fast as possible without sacrificing accuracy but not to worry if they did make an error i.e. 
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they were encouraged to keep reading even if they realized they had made an error. To 
familiarize participants with the reading procedure, they began by reading three 
demonstration pairs of sentences. Flipping pages was performed by the examiner to control 
the reading distance and the presentation. The number of errors for each sentence pair was 
recorded for each participant. The time taken to read each pair of sentences and the number 
of errors were determined after the reading session by reviewing the participants’ videos. 
This allowed an accurate calculation of the speed in “correct words per minute” (CWPM, 
see below). 
The study was approved and received full ethics clearance from the Office of Research 
Ethics, University of Waterloo. All participants gave their written informed consent prior 
to participation in the study. 
4.6 Data analysis 
Nineteen sentence pairs were eliminated before carrying out any formal analysis. This 
is because a large number of participants made several errors while reading them because 
of the text flow or stumbled because of difficulties in pronunciation and/or commented that 
the sentences did not make good sense. For the remaining ninety sentence pairs, the 
maximum and mean number of errors and the standard deviation of errors were calculated 
for each sentence pair. The following measures of reading speed were calculated for each 
participant for each of the 90 remaining sentence pairs.  
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4.6.1 Correct words per minute (CWPM) 
Reading speed (CWPM) = 60 ∗
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑑𝑠−𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠
𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
 
CWPM was included as it is more likely to be used by clinicians than SLWPM (below). 
However, CWPM can result in more variability20,22 in reading speed because of the 
variability of word length in different pairs of sentences. So therefore SLWPM was also 
used to calculate reading speed in this study. 
4.6.2 Correct standard length words per minute (SLWPM) 
Measuring reading speed in standard length words has been used in reading speed 
research in English.24,26,31 To the authors’ knowledge, there are no published data giving 
the average or standard word length in Arabic. This was calculated from a selection of three 
typical types of articles (general, sports and politics). One of each type was selected from 
thirteen Arabic newspapers, which originated from ten different Arabic countries (i.e. a 
total of 39 articles). In addition, three articles were taken from one woman’s and one man’s 
magazines (total of six articles). The average word length in these Arabic articles was 4.7 
characters. For this study, the average word length in Arabic was rounded to five 
characters. For comparison, the average word length (without spaces) was also 4.7 in the 
90 pairs of sentences that were analyzed for this study.  
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Since there are exactly 20.4 standard words in each sentence, reading speed in correct 
standard length words per minute (SLWPM) was calculated as follows.  
Reading speed (SLWPM) = 60 ∗ (
20.4−𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠 
𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
) 
Finally, all reading speed values were converted to log units and the mean reading speed 
and the standard deviation (SD) (calculated for both CWPM and SLWPM) for each 
sentence pair was calculated.  
4.6.3 Selecting sentences with similar readability characteristics 
The data of children and adults were analyzed separately. As there was a larger sample 
of adults, the adult data were used first to finalize a group of sentence pairs with equal 
readability characteristics, and a higher percentage of sentences were eliminated based on 
the adult data. The distributions of reading speed were checked for normality using the 
D'Agostino & Pearson omnibus normality test. Pairs of sentences were eliminated 
according to the following criteria:  
 To equalize the reading speeds for both CWPM and SLWPM of the sentence 
pairs, the 90% interval was calculated (mean ±1.645 x SD) and all sentences that 
fell outside this range (i.e. in the higher and lower 5%) 
 To eliminate those sentence pairs with more variability in reading speed, those in 
the highest percentile (10%) of the SD of CWPM and SLWPM 
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 To eliminate those sentence pairs which gave more errors, those in the highest 
percentile of the mean number of errors 
 To eliminate those sentence pairs with more variability in errors, those with the 
highest percentile of the SD of errors 
 To eliminate those which gave higher errors, sentence pairs in the highest 
percentile (to the nearest integer) of the maximum number of errors 
Sentence pairs were eliminated in a two-step process. Firstly, each criterion was applied 
separately, and the results were reviewed to ensure that these eliminations would not result 
in too many sentence pairs being eliminated from the total. This was not the case and so 
then all the criteria were applied and any sentence pair that met any of the above criteria 
for the adult data were eliminated. At this first step 35 sentences were eliminated.  
Secondly, based on the remaining sentences, a similar analysis was performed using the 
child data to eliminate any obvious outliers. The 95% interval for SLWPM was calculated 
(mean ±1.96 x SD) and pairs of sentences that fell outside this range (in the highest and 
lowest 2.5%) were eliminated. Additionally, pairs of sentences which gave the highest 
percentile of the mean number of errors and the highest percentile of the maximum number 
of errors were eliminated.  
The Cronbach’s alpha coefficient was calculated for the final set of sentence pairs to 
determine inter-item (sentence pair) consistency/reliability.  
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4.7 Results 
Adults’ distance and near visual acuity ranged between -0.18 to 0.12 (mean -0.11 
logMAR) and -0.28 to 0.10 logMAR (mean -0.09 logMAR) respectively. The childrens’ 
distance and near visual acuity ranged between -0.10 to 0.20 (mean 0.01) and -0.12 to 0.10 
logMAR (mean 0.02) respectively. 
For the adult data, the distributions of the two measures of reading speed were both 
normally distributed (p=0.87 for CWPM and p=0.36 for SLWPM). Thirty-five sentences 
were eliminated after applying all the elimination criteria on the adult data. The results of 
the elimination process for adults is shown in Figure 4.3 which shows reading speed of 
adults for all 90 sentence pairs before and after elimination according to all elimination 
criteria. Figure 4.4 show histograms of the mean number of errors for adults for each 
sentence pair and the maximum number of errors for each sentence pair.  
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Figure 4.3. Mean reading speed (log units) for each sentence pair (adults). Red lines shows the 90% 
interval of all 90 sentences. A. Reading speed in CWPM for all 90 sentence pairs. B. CWPM for final 
set of sentence pairs using all exclusion criteria. C. Reading speed in SLWPM for all 90 sentence 
pairs. D. SLWPM for final set of sentence pairs using all exclusion criteria. 
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Figure 4.4. Histograms of mean number of errors and maximum number of errors for each sentence 
pair (adults) A. Average number of errors for all 90 sentence pairs. B. Average number of errors for 
final set of 45 sentence pairs. C. Maximum number of errors for all sentence pairs. D. Maximum 
number of errors for final set of 45 sentence pairs. 
The childrens’ data were analyzed subsequently. Based on the remaining 55 sentences, 
the 95% interval (mean ±1.96 x SD) of children’s reading speed was calculated in SLWPM. 
Sentence pairs that fell outside the 95% interval were eliminated. Also sentence pairs in 
the highest 10% of average number of errors and maximum number of errors were 
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excluded. Final reading speed for the children in SLWPM is shown in Figure 4.5 and the 
final number of errors and maximum number of errors are shown in Figure 4.6. 
The second elimination process resulted in 47 sentences. This allowed us to eliminate 
two more sentences to obtain 45 sentences. The sentence with the next highest mean 
number of errors and the sentence with the next highest maximum number of error based 
on the children’s data were excluded. 
 
 
Figure 4.5. SLWPM (log units) for children for the final set of 45 sentence pairs using all exclusion 
criteria. 
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Figure 4.6. Histograms of the final set of 45 sentence pairs (children). A. Average number of errors. 
B. Maximum number of errors. 
Forty-five sentence pairs remained after these elimination procedures and these will be 
used to create three versions of an Arabic continuous text reading chart. Table 1 show the 
summary of the final sentence pairs after elimination for adults and children. 
 
Table 1. Data of the final 45 sentence pairs (based on adult and child data) 
Adult data 
 Reading speed (CWPM)  Reading speed (SLWPM)  Average number of errors  Max number of errors  
Log  2.22 (2.16-2.27) 2.26 (2.22-2.31) 
0.21 (0.02-0.43) 1.73 (1.00-3.00) 
Linear 166.3 (145.1-187.6) 183.6 (167.0-203.8) 
                                                   Child data 
 Reading speed (SLWPM)  Average number of errors  Max number of errors  
Log 1.81 (1.69-1.90) 
1.71 (0.88-2.76) 5.51 (3.00-8.00) 
Linear 63.9 (48.9-79.7) 
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The Cronbach’s alpha coefficient was calculated to support that the final set of sentence 
pairs were reliable to be used in the construction of the new Arabic reading charts. The 
Cronbach’s alpha for the final set of sentence pairs in CWPM and SLWPM was 0.986 for 
adults and 0.996 for children. 
The average reading speed (CWPM) of adult participants ranged from 117.7 to 252.4 
(mean 166.4 ± 34.3) and for children this ranged from 20.5 to 103.6 (mean 60.6 ± 27.9). 
4.8 Discussion 
The aim of this study was to create Arabic sentences of equal difficulty to be used in the 
development of the first standardized Arabic short duration continuous text reading acuity 
charts. The charts will be designed to measure near visual acuity as well as reading speed, 
critical print size and reading acuity for children and adults. It is intended that each chart 
will have fifteen descending print sizes in a logarithmic progression, which will allow print 
that is large enough to measure near visual acuity in patients with low vision.  
The sentences were tested with 35 point size (pt) print, which may sound large in the 
context of Roman print. However, Arabic is approximately 2x smaller than Roman print 
(i.e. 35 point in Arabic appears smaller than 35 point in Roman print) so when this is taken 
into account, the print size is not abnormally large. Additionally, preliminary data showed 
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that reading speed for 35 point print in Arabic is within the range of print sizes that gives 
maximum reading speed. These preliminary findings indicate that using 35 point print for 
testing sentences did not introduced a ceiling effect for reading speed.  
So far, standardized continuous text charts are available in nineteen languages, or more. 
Most of these languages use Roman script. Recently, researchers have developed the 
IReST text charts51 which are standardized long passage reading charts available in 
seventeen different languages, including Arabic. These charts are designed with one print 
size only (1 M) to measure and assess reading speed and compare it across different 
languages. The developers based the texts for different languages on the original German 
IReST chart, with modifications for language differences i.e. they did not create new text 
for each language.52 They have reported differences in text length across languages due to 
differences between alphabetic and non-alphabetic languages.51 Many scholars22,38,39 hold 
the view that direct translation of sentences from an existing standardized chart to a 
different language is often impractical and not ideal because each language has specific 
orthographic differences. Grammar, spelling, average word length, word breaks, 
hyphenation, and the use of vocalization marks are all different and all make direct 
translation difficult. The Turkish language uses the same Roman characters as English, 
plus seven extra letters that are modified to meet the unique phonetic requirements of the 
language. In Greek the differently formed Cyrillic alphabet is used. In comparison, Arabic 
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uses a completely different alphabet. Unlike Roman characters, where letters are written 
individually from left to right, Arabic is written from right to left in a cursive style only. 
These factors make translation inappropriate in the development of consistent sentences. 
In order to achieve uniformity in the total number of characters and physical length on the 
line, new sentences have to be composed for some languages.38,39 
Therefore, in the present study we developed new sentences in Arabic, which were 
composed following the layout of the Colenbrander chart. The present study utilized 
methodologies similar to other studies in the creation and testing of sentences.22,38,39 It is a 
common practice to use schoolbooks to create sentences of a certain grade level. This 
approach was used for the Greek MNREAD chart,38 MNREAD Turkish chart39 and UiTM-
Mrw Malay chart.53 Language experts were consulted to verify the correctness of grammar 
and sentence structures in these charts38,39,51,52 and lay readers also checked for cultural 
differences.  
Videotaping was chosen as a more accurate method of timing to measure reading speed 
than the use of a stopwatch. A number of previous studies44,46,88,89 have based their reading 
speed measurements on video or audiotape records, which reduces variability in reading 
speed measurements compared to the use of a stopwatch, as the measurement is done after 
the reading session.22 Rubin90 identified several factors, including examiner reaction time 
in timing each sentence, false starts, and the habit of self-correcting errors by readers, 
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which may affect reading speed measurement precision and repeatability with a stopwatch. 
In addition, the decision about errors must be made in real time and cannot be re-checked, 
as it can with videotaping. Brussee et al.22 and Rubin90 discussed how the number of 
examiners/raters used in a study and their training may contribute to the variability of the 
reading measurement. In the current study, only one examiner (BA) carried out reading 
sessions and reading speed calculations from recorded videos.  
Adults38,44,45,48,51–53 of varying educational levels and grade 3 children38,39 were recruited 
to measure the reliability of the sentences, so that the charts can be used for people with 
reading ability of grade 3 upwards. The Cronbach alpha of the sentence pairs in the present 
study was 0.99 for both adults and children. This compares very favorably to the study by 
Radner et al,44 in which the calculated Cronbach alpha coefficient was 0.98 for short 
German sentences, which were used to construct the German Radner reading charts. 
The adults’ average reading speed in CWPM obtained in the current study ranged 
between 118 to 252 (mean 166 ± 34). The only other study which gives reading speed for 
Arabic reading test charts is the study by the IReST group,51 which reported an average 
reading speed in WPM of 138 ± 20, which is similar to the current study. This similarity is 
despite differences such as the grade level of text (the IReST used a higher grade level), 
the size of the print (IReST used 1 M) and the fact that IReST did not take errors into 
account. Alsaiari and Azmi91 reported an average Arabic reading speed for University 
  77 
students reading passages without vocalization marks of 164.27 ± 7.57 WPM and 128.98 
SD ± 5.47 for two different Arabic fonts, which is similar to the reported reading speed 
here.  
These results indicate that reading speed for Arabic may be slower on average than for 
English. This difference was reported by the IReST group,51 reading speed in words per 
minute in Arabic was lower compared to English and compared to all other alphabetic 
languages that they measured. In fact English resulted in the highest reading speed of all 
the languages when measured in WPM (228 ± 30 wpm in English compared to 138 ± 20 
wpm in Arabic).  
In the current study, children’s reading speeds in CWPM ranged between 20 to 104 
(mean 61 ± 28). The only comparable data is that of Hussien,92 which showed a median 
oral reading rate of 90 WPM in 6th grade children. The obvious reason for the higher 
reading rate in Husseins’s study is the higher grade levels of the children (6th versus 3rd 
grade readers). However, comparing reading speeds between different studies must be 
interpreted with caution. Testing methods and procedures play a large role on the resulting 
average reading speed, and may explain the differences in the results.22 
4.8.1 Developing the new charts 
Prototypes of the final charts were printed on 11 by 14 inches sheets, which is a similar 
overall size to the MNREAD chart. They were printed in landscape orientation to 
  78 
accommodate the largest font. The font size ranged from 63.5 pt to 2.5 pt. The largest three 
pairs of sentences were printed on one side and twelve smaller pairs of sentences were 
printed on the other side. Sentences were arranged with size progression in increments of 
0.1 log steps. The typical layout of one side of the chart is shown in Figure 4.7.  
 
 
Figure 4.7. Chart layout with candidate sentences. 
Preliminary data with twenty bi-lingual participants compared near reading visual acuity 
between the newly designed Arabic charts and the standardized MNREAD English chart. 
The results showed that most of the participants’ threshold with the Arabic charts was 4 
point size which is the third sentence from the bottom of the chart (i.e. the third smallest 
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size). This gives two levels below the acuity level of almost all participants. This similar 
to the MNREAD chart with which the reading acuity of most participants was -0.1 logMAR 
which is the fifth sentence from the bottom of the chart. Note that the MNREAD chart has 
19 size levels compared to 15 levels on the newly designed Arabic charts. Thus the number 
of supra-threshold levels of the Arabic chart will be 12 compared to 14 for the MNREAD, 
ensuring that sufficiently supra-threshold print sizes are available to measure a threshold 
in patients with low vision. 
4.9 Conclusions 
The current study developed and determined the reliability of a group of forty-five 
sentence pairs which have similar readability to one another and which will be used to 
create short duration Arabic continuous text reading charts. We have also presented data 
on reading speeds for Arabic text for both adults and children. 
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Chapter 5 
LAYOUT AND SPACING  
5.1 General chart layout 
It has been established that standardized visual acuity charts should be designed in a 
logarithmic scale with 0.1 logMAR step size between print size levels.8,16 The layout of the 
new Arabic chart was designed to be similar to the design of the Colenbrander chart. This 
was chosen because it was more feasible for Arabic than the MNREAD layout. The 
Colenbrander design is arranged so that a pair of unrelated sentences is used for each print 
size level and each sentence ends with a full stop or question mark. As the Colenbrander 
sentences are longer than the MNREAD sentences, it was easier to manipulate the text to 
make them exactly the same length using the Colenbrander format. In addition, it was 
easier to match two lines in length than three lines (MNREAD sentences’ style). Arabic 
letters are curvier than Roman letters. Therefore, it was easier to equate them for physical 
length at the end of the sentence when it ends with a full stop. The following sections 
describe the rationale for the chart layout, print size levels, and spacing. 
5.1 Print sizes 
The only measurement of size for Arabic print is point size. Size notation in Arabic 
cannot be based on the x-height, as for Roman letters, as there is no x-height in Arabic. 
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Arabic letters have a large number of letters with descenders and ascenders and the shape 
and the height of a letter changes depending on its location within a word. There is no 
common, frequent portion of a letter that can be used to establish the size.  
For the new chart the largest print size was chosen to be 63.5 pt as it is the largest that 
could fit on 11 x 17-inch paper (printed in landscape orientation and with a complete pair 
of sentences). The rest of the sizes were calculated by dividing by 1.2589, so that the size 
decreased in a 0.1 logarithmic scale. The calculated font sizes were as follows 63.5, 50.8, 
40.4, 32, 25.6, 20, 16 12.8, 10, 8, 6.4, 4.8, 4, 3.2, 2.4, and 2 pt. These print sizes had to be 
measured by hand to ensure their linearity, and they were measured electronically on the 
screen and physically after printing. The physical size of the different font size levels was 
measured for two reasons:  
1. It was unknown whether the font sizes in Arabic Times New Roman font in MS 
word were linear.  
2. Font size levels in MS Word can only be increased or decreased by 0.5 pt. 
However, the calculation of the different font size levels gave numbers that were 
not to the nearest 0.5 pt. The actual physical size measures of each font size level 
had to be measured to determine a set of font sizes that were closest to a 
logarithmic scale. 
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The physical size of font size levels was compared by measuring horizontally across a 
test sentence, from one identified point to another. The same sentence was printed in all 
calculated font size levels. It was also printed 0.5 pt bigger and smaller when the calculated 
print size differed from the MS Words standard step size of 0.5 pt. This was done to find 
the closest font size to a logarithmic scale. For example, the next calculated font size after 
63.5 pt is 50.8 pt. Thus, the sentence was printed in 51 and 50.5 pt to compare the physical 
font size and offer a choice closest to a log scale.    
The physical length of the sentence on a monitor was measured in MS Word by placing 
a line horizontally across it. The sentence’s first and last letter was Alef "ا" , to make it easier 
to determine the beginning and the end of the sentence. Thus, it was not a meaningful 
collection of words, and the last word was not a real word (Figure 5.1); but this did enable 
an accurate measurement of size for comparison across all printed font sizes. MS Word 
was practical for measuring the exact length of the sentence, as an electronic line could be 
fitted exactly on Alef at the beginning and end of the sentence. In addition, the MS Word 
electronic magnifying tool was used for small print sizes. MS Word gives the exact length 
of the fitted line which corresponded to the physical length of the measured sentence.  
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Figure 5.1. Measuring the physical size of different font size levels 
The measurements were also carried out using a ruler for large print sizes and a 10x 
Amoriex-Ward scale lupe for small print sizes. This was to ensure the linearity of printed 
text and to verify the electronic measurements. The results were very similar, and any 
differences were attributed to random variations in measurement. The final measures were 
based on the electronic measurements. 
The physical size (horizontal length) of the largest print size (63.5 pt) was measured, 
and the expected physical sizes of the rest of the print size levels were calculated by 
dividing by 1.2589. Then, the expected physical size of each print size level was compared 
with the measured (actual) physical size (assuming linearity). For print sizes that did not 
confirm to MS Word’s 0.5 pt steps, the difference between the expected physical size and 
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the measured physical size was calculated. The font size that gave the smaller difference 
from the expected physical measurement (that is, the closest to it) was chosen as it would 
be closer to the calculated log scale. 
This testing showed that font sizes in Arabic Times New Roman MS Word are generally 
linear. This fact was true for all chosen print sizes except one. The closest font sizes to the 
calculated size of 12.8 pt were 12.5 or 13 pt. The physical measurement of size 12.5 was 
closer to the expected physical size and that what was used for this level of print size. 
To ensure that the smallest print size on the chart meets the minimum sample density 
limit,29 an approximate calculation of the resolution in dots per character height was carried 
out. This calculation was challenging because of two reasons: 1) there is no x-height in 
Arabic, 2) there are 103 height variations of the twenty-eight Arabic alphabet because the 
height and shape of each letter changes according to its location within the word. A 
measurement of all these possible heights was done in the 72 pt and the average calculated 
and scaled for 2 pt. Since the printer’s resolution was known (2400 x 1200), the resolution 
in dots per character height for 2 pt on the Arabic chart was estimated as 37.44 dots per 
character. This results is similar to the resolution of the same size on the MNREAD chart 
(20 dots per x-height) and adequate for 2pt to be read.20 
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5.2 Spacing 
5.2.1 Spacing between the lines of the same font size 
The standard procedures for developing visual acuity charts in Roman letters16 
recommend that the spacing between lines of the same font size should be > 1x but < 2x 
the largest letter. In addition, the distance between lines for the largest font (63.5 pt) was 
such that the highest ascender from one line would not touch the lowest descender from 
the line above. One of the candidate sentences was used for this determination. This 
sentence contained ascenders and descenders of all possible lengths (Figure 5.2). The 
spacing was determined by printing this same sentence repeatedly. The distance between 
the two lines of each font size was measured from the baseline of the top line to a specified 
reference point (right tip of the letter ب) on the line beneath (Figure 5.2). This 
determination of the between lines spacing for the same font size was first measured for 
the largest font size (for accuracy), and then the spacing of the rest of the font sizes were 
scaled by dividing by 1.2589. The spacing between lines was printed and measured with a 
10x Amoriex-Ward scale lupe. 
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Figure 5.2. Measurement of between lines spacing for the same font size. 
5.2.2 Spacing between font size levels 
Similarly, the measurement of spacing between font sizes levels was scaled using a pair 
of identical sentences. However, the distance was measured between the baseline of the 
upper line of the smaller font size to the baseline of the lower line of the larger font size 
(Figure 5.3). The distance between the largest font size 63.5 pt and 50.5 pt was chosen as 
7.05 cm. Then, scaling was applied by dividing by 1.2589 for the rest of the font sizes. 
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Chapter 6 
 A STANDARDIZED ARABIC READING ACUITY CHART: THE BAL 
CHART 
6.1 Summary 
Purpose: The aim of this study is to develop and validate the first standardized Arabic 
continuous text near visual acuity chart, the Balsam Alabdulkader-Leat (BAL) chart. 
Methods: Three versions of the BAL chart were created from previously validated 
sentences. Reading acuity (RA) and reading speed in standard words per minute (SLWPM) 
were measured for 3 versions of the BAL chart and 3 English charts (MNREAD, 
Colenbrander, and Radner) for 86 bilingual adults with normal vision aged 15 to 59 years. 
RA and SLWPM were compared using ANOVA. To analyze agreement between the 
charts, Bland-Altman plots were used. Normal visual acuity (0.00 logMAR) was calibrated 
for the BAL chart with linear regression analysis. 
Results: Average RA for BAL1, BAL2 and BAL3 was 0.62, 0.64 and 0.65 log-point 
print respectively, which was statistically significantly different (repeated measures 
ANOVA, p < 0.05), but not considered clinically significant. Differences in RA between 
the three English charts were also significant (p < 0.05). The coefficient of agreement for 
RA between the BAL charts was 0.054 (between 1 and 2), 0.061 (between 2 and 3) and 
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0.059 (between 1 and 3). Linear regression between the average RA for the BAL chart and 
the MNREAD and Radner charts showed that 0.7 log-point size at 40 cm is equivalent to 
0.00 logMAR at 40 cm and the new BAL chart was labelled accordingly. Mean SLWPM 
for the BAL charts was 201, 195 and 195 SLWPM respectively and for the Colenbrander, 
MNREAD and Radner charts was 146, 171 and 146 respectively. The coefficients of 
agreement for log-SLWPM between BAL1 and BAL2, BAL2 and BAL3 and BAL1 and 
BAL3 were 0.063, 0.064 and 0.057 log SLWPM respectively. 
Conclusion: The BAL chart showed high inter-chart agreement. It is recommended for 
accurate near performance measures in Arabic for both research and clinical settings. 
6.2 Introduction 
Visual acuity is a fundamental component of an eye examination and is used to assess 
vision, to monitor the progress of a disease and to evaluate the effectiveness of prescribed 
treatment.39 Routine eye examination in a clinical, or a research setting, involves measuring 
near, as well as distance, visual acuity. Good near acuity is essential for reading, which is 
related to quality of life.75,77,78 While distance visual acuity is typically carried out with 
single optotype charts, reading performance is not well characterized with single optotypes. 
Continuous text near acuity charts are preferable in testing reading performance as they 
take into account visual and cognitive factors i.e. effects of context and crowding20 and 
because text reflects everyday reading material.21,22 Continuous text charts allow measures 
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of reading speed, reading acuity and critical print size (the smallest print size that allows 
reading with maximum reading speed).20 For any measure of visual acuity, standardized 
charts should be used to ensure reliable results.14,16  
Although, Arabic is currently ranked as the fourth language in terms of the number of 
first-language speakers65 there are no standardized near acuity charts in Arabic, and this 
deficiency makes current near acuity measurements unreliable. The use of diverse non-
standardized charts across different clinics within a particular country, or across different 
Arabic speaking countries, increases the variability of acuity measurements. This means 
that a person’s acuity threshold varies according to the clinic and/or the chart that was used 
in the eye examination.  
The lack of a standardized Arabic chart for distance acuity is less problematic. Distance 
acuity charts do not have to be available in every language, as charts with symbols or 
numbers can be used which are universal. Testing near reading performance must be in the 
spoken language of the patient to ensure valid results. Standardized charts are available in 
more than 17 different languages.36,38–41,44–49,53,54 Most of these languages use Roman letters 
which make it easier to define the size notations. Arabic is more complex as Arabic letters 
are very different, and more variable in height than Roman letters.  
Standardized continuous text near acuity charts are developed according to established 
criteria to control factors such as font, text difficulty, and step size.20 These criteria are used 
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to make sure that the only measured parameter is vision. For example, the MNREAD chart 
is a well-developed continuous text standardized chart in English.36 It consists of sentences 
of an equal number of characters and lines at each acuity level in a descending logarithmic 
progression, with the same grade level of difficulty throughout. 
The purpose of this research is to develop the first standardized Arabic continuous text 
near visual acuity chart, the Balsam Alabdulkader-Leat (BAL) chart, to test the reliability 
and to validate the chart.  
6.3 Methods 
6.3.1 Chart design and layout 
The choice of typeface was the first consideration before developing sentences and 
printing the chart. Researchers19,20 have suggested using the most commonly used font in 
print for any specific language. It was also decided to use an Arabic font that does not use 
ligatures, as these would lead to more complexity and crowding. A ligature is the 
combination of two or more letters to form a single glyph32 which is part of the font desgin 
and cannot be omitted by the user. Vocalization marks are absent in regular printed 
materials such as newspapers. Arabic Times New Roman was therefore chosen, as it is one 
of the most commonly used fonts in Arabic and it does not include ligatures. For more 
detail about these choices, see the previous paper.32 
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The layout was chosen to be similar to the Colenbrander chart42 where each print size 
level has a pair of unrelated sentences of equal number of characters and physical length. 
In our previous study,32 we described the development and validation of Arabic sentences 
of equal readability i.e. sentences that have the same physical length, grade level (grade 3) 
and difficulty in terms of reading speed and number of errors. Ninety sentences were 
created following accepted criteria for standardization.5,8,27,28 Each sentence pair had 102 
characters including spaces and punctuation characters.32 The sentences were tested on 
adults and children, and 45 sentences were selected which were shown to be highly 
comparable. These were employed in the construction of the BAL chart (Figure 6.1). 
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Figure 6.1. Example of the layout of the BAL chart. 
6.3.2 Spacing 
6.3.2.1 Spacing between the lines 
The BAL chart was constructed using a standard 0.1 logMAR step size, similar to most 
modern acuity charts.5,26,29,30 Three versions were developed to allow for repeated testing 
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(e.g. testing right eye, left eye and binocular acuity). We followed the standard procedures 
for developing visual acuity charts in Roman letters,16 which recommend that the spacing 
between lines of the same font size should be > 1x but < 2x the largest letter. For the Arabic 
charts, we also ensured that the distance between lines was such that the highest ascender 
from one line would not touch the lowest descender from the line above. This between-
lines spacing of the same font size was scaled by 1.2589 for every print size from the 
smallest to the largest print size. The spacing between different font sizes was also scaled 
by 1.2589 from the smallest to the largest print size and was accurately controlled with the 
use of text boxes, rather than using the spacing function in Microsoft Word. 
6.3.3 Creation of the chart 
The 45 validated sentences were randomly distributed between size levels and between 
the three versions of the chart. Each version of the chart had 15 print size levels in 0.1 
logarithmic steps. The print size was defined in Arabic point size, which was measured and 
confirmed to be linear when printed. The print sizes ranged from 63.5 to 2.5 point. 
Prototype charts were printed using Xerox WorkCentre 7556 with a resolution of 2400 dpi. 
They were printed in “Microsoft Word” Arabic Times New Roman font on 43 cm x 28 cm 
high-quality paper. More detail about the chart design and layout was reported previously.32 
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6.4 Participants 
Adult participants (N=86) were recruited by snowball sampling using social media 
(WhatsApp and Path). The sessions took place at Splendid Optical Center in Riyadh, Saudi 
Arabia. Participants aged from 15 to 59 years (mean 26 ± 6.4). The inclusion criteria were: 
being a bilingual fluent speaker of Arabic and English, binocular distance visual acuity 
20/25 (0.10 logMAR) or better and no known eye disease. 
The study was reviewed by and received ethics clearance through a University of 
Waterloo Research Ethics Committee. All participants gave their written informed consent 
prior to participation in the study. 
6.5 Experimental procedure 
Ocular and general health history were recorded. Distance visual acuity was measured 
using LEA Symbols Massachusetts Flip Chart at 3 m. Near visual acuity was measured 
using Sloan Letter Near Vision Card at 40 cm. All participants were native Arabic speakers. 
To ensure fluency in English, reading speed was measured using a 112 word paragraph 
(grade 6). Participants were excluded if they took longer than one minute to read the 
English text. 
Binocular reading performance (reading speed and near reading acuity) was measured 
with six different reading acuity charts in Arabic and English. The English charts were the 
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Colenbrander, MNREAD, and Radner charts. The Arabic charts were three different 
versions of the Balsam Alabdulkader-Leat chart (BAL1, BAL2, and BAL3). The order of 
the charts was randomized for every participant. Reading speed in Arabic was then 
measured with the Arabic version of the IReST chart, which has print in one size equal to 
1 M print. The IReST chart was always the last chart to be read as it has a different format, 
measuring reading speed, rather than reading visual acuity. It was included to validate the 
reading speed of the new Arabic charts. A standard reading distance of 40 cm was used for 
all charts. The charts were placed on reading stand, and a thread of 40 cm was attached to 
it to measure the distance and keep it constant. The luminance from the paper was at least 
130 cd/m2. To familiarize the participant with the procedure, the session started with a 
demonstration trial using a demonstration version of the BAL chart. This was created using 
the sentences which were originally created as candidate sentences, but were excluded from 
the final 45 selected sentences as they varied in their reading speed and number of errors.32 
Each chart was covered, and the participant was asked to read as soon as the examiner 
removed the cover. Starting from the largest, they were instructed to read the sentences one 
after the other as fast as possible without sacrificing accuracy and without stopping in 
between, so that they had no opportunity to pre-read the following the sentence. If they 
made an error, they were asked not to correct themselves and to continue reading. The 
number of errors for each sentence was noted in number of characters. For accurate reading 
performance measurement, all reading sessions were audio-taped. Reading speed analysis 
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was carried out after the reading sessions, from participants’ audio-recordings. GoldWave 
Inc software was used to play the audio-recordings and to calculate the reading time of 
participants. This program allows users to play audio recordings at reduced speed, while 
also displaying visuals of the sound waves. This method increases the data’s accuracy as it 
permits the researcher to record exactly when the participant starts and stops reading. 
6.6 Data analysis 
Outcome measures were reading acuity, maximum reading speed in standard length 
words per minute (SLWPM), and the critical print size (CPS). 
Maximum reading speed was the average of reading speed of the points that fell within 
the reading speed plateau, including the critical print size and larger (Figure 6.2). The 
critical print size was defined as the smallest print that resulted in a reading speed within 
0.1 log reading speed of the average reading speed of the plateau41 or that was higher or 
equal to the lowest reading speed in the plateau (for example, if there was another point 
within the reading speed plateau that was lower than 0.1 below the average).  
Reading speed (SLWPM) = 60 * (
# of standard words - ( 
# of errors in characters 
standard word length
 )
time in seconds
) 
The number of standard length words at each font size depended on the chart. The 
number of characters for a standard length word is six in English30,31 and five in Arabic.32 
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These values were used to calculate the number of standard length words for each of the 
charts. 
Reading acuity was calculated as20,24  
Smallest size attempted + ( 
# of errors in characters
standard word length
 ) * 
0.1
# of standard words per level
) 
Statistical analysis was performed using Graphpad Prism 7 for Windows, Microsoft 
Excel 2013. One-way repeated measures analysis of variance (ANOVA) and Bland-
Altman93 plots were used to evaluate the 95% limits of agreement between different charts. 
Linear regression was used to predict the equivalent of normal vision (0.00 logMAR) in 
Arabic point size. A p-value of < 0.05 was considered statistically significant. 
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Figure 6.2. Reading speed in standard length words per minute (SLWPM) plotted as a function of 
print size for the three versions of the BAL chart. Results for a single observer are shown. BAL, 
Balsam Alabdulkader-Leat. 
6.7 Results 
A total of 86 participants were recruited. There were an equal number of males and 
females. Participants’ highest levels of education were as follows: 20.9% completed post-
graduate studies, 46.5% completed post-secondary school, 27.9% completed high school, 
and 4.7% completed elementary school. Distance visual acuity had a mean of -0.08 ± 0.03 
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logMAR (range -0.10 to 0.04) and near visual acuity was -0.08 ± 0.07 logMAR (range -
0.24 to 0.06).  
As in other languages, reading speed in Arabic plateaud across large print sizes, and 
then declined as the print size decreases beyond a certain cutoff point which is defined as 
the critical print size (Figure 6.2). 
6.7.1 Reading acuity 
Reading acuity for the BAL chart was recorded in point size and converted to log units 
(log-point). For English charts, logMAR was used. Reading acuity results are shown in 
Table 2. 
Reading acuity of the BAL chart showed a statistically significant difference among all 
of the charts (ANOVA) (F = 59.60, p < 0.0001). Post-hoc comparisons test using Tukey’s 
correction showed that there was a significant difference between BAL1 and BAL2 (p < 
0.0001), BAL1 and BAL3 (p < 0.0001), and between BAL2 and BAL3 (p = 0.0002).  
 
Table 2. Reading acuity measured with the different charts 
Reading acuity 
L
o
g
 p
o
in
t 
si
ze
 
(p
o
in
t)
 
Mean 
Balsam-Leat 1 Balsam-Leat 2 Balsam-Leat 3 
L
o
g
M
A
R
 
Colenbrander MNREAD Radner 
0.62 (4.13) 0.64 (4.33) 0.65 (4.47) -0.05 -0.13 -0.03 
SD 0.04 (1.09) 0.04 (1.10) 0.04 (1.11) 0.03 0.09 0.10 
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Bland-Altman plots (Figure 6.3) were used to show the agreement among the BAL 
charts in measuring reading acuity. The 95% limits of agreement in reading acuity between 
BAL1 and BAL2, BAL2 and BAL3 and BAL1 and BAL3 were 0.054, 0.061 and 0.059 
log-point respectively. 
 
 
Figure 6.3. Bland-Altman plots of reading acuity between different versions of the BAL chart. 
Difference between each version is plotted against the mean. (A) Agreement between BAL1 & BAL2. 
(B) Agreement between BAL2 & BAL3. (C) Agreement between BAL1 & BAL3. Dashed lines are 95% 
confidence intervals. The heavy solid blue line represents the mean. BAL, Balsam Alabdulkader-Leat. 
6.7.2 Reading speed 
The average reading speeds in SLWPM for the Arabic and the English charts are 
presented in Table 3. Repeated measures ANOVA showed a significant difference among 
the BAL charts (F = 10.97, p < 0.0001). Post-hoc comparisons using Tukey’s correction 
for multiple comparisons indicated that BAL1 was read faster than BAL2 and BAL3 (p = 
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0.0006 and < 0.0001 respectively). However, no significant difference was found between 
BAL2 and BAL3 (p = 0.99). 
 
Table 3. Reading speed in SLWPM measured with the different charts 
Reading speed in SLWPM  
 Balsam-Leat 1 Balsam-Leat 2 Balsam-Leat 3 Colenbrander MNREAD Radner 
log-
SLWPM 
Mean 2.30 2.28 2.28 2.15 2.22 2.15 
SD 0.06 0.05 0.05 0.09 0.08 0.09 
SLWPM 
Mean .201 4 195.4 .195 4 .146 4 171.5 146.5 
SD 25.9 23.4 23.7 30.3 29.6 28.8 
SLWPM, standard length words per minute; SD, standard deviation.   
 
The agreement in measuring reading speed among the BAL charts is shown in 
Figure 6.4. The coefficients of agreement for log-SLWPM between BAL1 and BAL2, 
BAL2 and BAL3 and BAL1 and BAL3 were 0.063, 0.064 and 0.057 respectively. 
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Figure 6.4. Bland-Altman plots of reading speed in log-standard length words per minute between 
different versions of the BAL chart. Difference between each version is plotted against the mean. (A) 
Agreement between BAL1 & BAL2. (B) Agreement between BAL2 & BAL3. (C) Agreement between 
BAL1 & BAL3. Dashed lines are 95% confidence intervals; the solid heavy blue line represents the 
mean. BAL, Balsam Alabdulkader-Leat. 
Average reading speed in SLMPM for the 3 versions of the BAL chart was compared 
to the Arabic version of the IReST chart. Average reading speed for the BAL chart was 
2.29 ± 0.05 log-SLWPM (197.4 ± 22.9 SLWPM), and the mean SLWPM for the IReST 
chart was 2.29 ± 0.07 log-SLWPM (196.2 ± 30.3 SLWPM). These two measures were well 
correlated, r = 0.84, p < 0.00001. The Bland-Altman plot of the average of log-SLWPM 
for the BAL chart and the IReST chart is shown in Figure 6.5. Bland-Altman plot for 
reading speed in log-standard length words per minute (SLWPM). The difference in 
reading speed (BAL-IReST) is plotted against the average reading speed of the BAL chart 
and the IReST chart. Dashed lines are the 95% confidence intervals; the solid blue line 
represents the mean. BAL, Balsam Alabdulkader-Leat. The coefficient of agreement was 
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0.076 log-SLWPM (32.2 SLWPM). There was a significant negative trend between the 
average and the difference of the two charts (r = -0.53, p < 0.05). 
 
 
Figure 6.5. Bland-Altman plot for reading speed in log-standard length words per minute (SLWPM). 
The difference in reading speed (BAL-IReST) is plotted against the average reading speed of the BAL 
chart and the IReST chart. Dashed lines are the 95% confidence intervals; the solid blue line 
represents the mean. BAL, Balsam Alabdulkader-Leat. 
6.7.3 Critical print size 
The average critical print size for BAL 1, BAL 2, and BAL 3 was 0.77, 0.83 and 0.86 
log-point respectively. ANOVA showed that there was significant difference among the 
BAL charts (F = 28.23, p < 0.0001). Post-hoc comparisons using Tukey’s correction for 
multiple comparisons indicated that the critical print size for BAL1 was smaller than BAL2 
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and BAL3 (p < 0.0001 and p < 0.0001 respectively). However, no significant difference 
was found between BAL2 and BAL3 (p = 0.66). 
The agreement in measuring the critical print size among the BAL charts is shown in 
Figure 6.6. The coefficients of agreement for the critical print size between BAL1 and 
BAL2, BAL2 and BAL3 and BAL1 and BAL3 were 0.24, 0.24 and 0.20 respectively.  
 
 
Figure 6.6. Bland-Altman plots of the critical print size (CPS) in log-point among different versions of 
the BAL chart. Difference between each version is plotted against the mean. (A) Agreement between 
BAL1 & BAL2. (B) Agreement between BAL2 & BAL3. (C) Agreement between BAL1 & BAL3. 
Dashed lines are 95% confidence intervals; the solid heavy blue line represents the mean. Note there 
are several overlapping points as the critical print size is measured in 0.1 logMAR. BAL, Balsam 
Alabdulkader-Leat. 
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6.8 Calibrating the chart 
In order to label the BAL chart in terms of equivalent logMAR in English, a linear 
regression between the average reading acuity of the BAL chart in the log-point was plotted 
against reading acuity measured with the MNREAD chart in logMAR (Figure 6.7 – A) 
and the Radner chart in logMAR (Figure 6.7 – B). From the regression equations, the 
equivalent of 0.00 logMAR i.e. “normal” visual acuity, was calculated in log-point from 
the MNREAD and Radner charts and was found to be 0.67 ± 0.005 log-point and 0.64 ± 
0.003 log-point respectively (when the chart is held at 40 cm). The slopes of the regression 
lines were 0.28 [CI 0.209, 0.346] and 0.25 [CI 0.181, 0.317] for the MNREAD and Radner 
charts respectively. To ensure that the regression line intercepts and slopes were not 
affected by any “floor” effect at the high acuity levels, due to printing resolution, the 
regression was repeated after removing data from people with acuity in the highest two 
levels (best acuities) in Arabic and the highest level in English. The intercepts and slopes 
were not significantly changed. Normal visual acuity in Arabic log-point was calculated as 
the average of the Radner and the MNREAD charts which is equal to 0.655 log-point which 
was rounded to 0.7 log-point (5 point). The rest of the chart was labeled in 0.1 log steps 
going smaller and larger. This makes the range of print sizes for the BAL chart to be from 
1.1 to -0.3 logMAR when used at 40 cm. Participants’ average reading acuity using the 
BAL chart was equivalent to -0.07 logMAR. 
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Figure 6.7. Scattergrams of mean reading acuity measured with the BAL chart (log-point size) plotted 
against A. reading acuity of the MNREAD chart (logMAR), with linear regression line plotted. B. 
reading acuity of the Radner chart (logMAR). BAL, Balsam Alabdulkader-Leat. 
6.9 Discussion 
Three versions of the BAL chart were developed according to the recommended 
standard procedures for visual acuity measurements.16 The charts consisted of short 
sentences similar in design to the Colenbrander chart.42 The sentences were previously 
tested and validated to be suitable for testing adults and children.32 The BAL chart has a 
logarithmic progression with a range of fifteen print sizes (1.1 to -0.3 logMAR). They were 
tested for use in measuring near visual acuity and reading performance for adults. 
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A strength of the current study was the use of audio-recording to increase the accuracy 
of timing to determine reading speed. Audio recordings are more repeatable than timing 
with a stopwatch and decrease the variability of the measurement.22,94 There are limitations 
in other studies that used a stop-watch90,95 which may affect the repeatability of the reading 
speed measurement. When using a stopwatch to time reading speed, there is often a delay 
in the reaction time of the researcher (when starting and stopping the timer). In this study, 
reading time was calculated to the closest 0.01 second using GoldWave software. Other 
studies mentioned variations due to number of examiners/raters,22,94 but in the present 
study, all analyses of reading speed were done by one examiner, BA. 
It is noteworthy that reading speed in Arabic followed the same typical reading speed 
curve that is found in other languages.20,39,40 Reading speed plateaud across large print 
sizes, and then declined as the print size decreased beyond the cutoff point which is defined 
as the critical print size. 
Reading acuity for the BAL chart was calculated and recorded in the log of the point 
size, as point print is the only currently available measurement of print size in Arabic. 
Reading acuity in Arabic recorded in log-point cannot be directly compared with the 
acuities in English recorded in logMAR. LogMAR and other measures of print size are 
based on the x-height5 of Roman letters. Therefore, we used an empirical method for 
equating Arabic point to logMAR. The MNREAD and the Radner charts were chosen for 
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this comparison and not the Colenbrander as the Colenbrander chart demonstrated a floor 
effect and underestimated participants’ visual acuity. The linear regression analysis 
showed that the equivalent of 0.00 logMAR for the MNREAD and Radner charts were an 
average of 0.655 which is equal to 0.7 log-point (5 point) at 40 cm. Since the sizes of the 
BAL chart were physically scaled in 0.1 log steps, the rest of the chart was labeled in 0.1 
logMAR steps based on that point of equivalence. Interestingly, the Arabic IReST chart 
print size was compared with BAL print sizes. A letter from the Arabic alphabet (Alef) was 
chosen for this comparison. Alef measured 2.2 mm on the 0.4 logMAR line of the BAL 
chart (1 M on English charts) and 2.3 mm on the IReST chart (labelled as 1 M). These 
similar measurements support the final labeling of the BAL chart but they need to be 
interpreted with caution as it is unclear how the print size in the Arabic version of the 
IReST chart was determined. 
The relationship between log-point and logMAR shown in Figure 6.7 is linear, but it is 
not a 1:1 relationship as would be expected, since reading acuity depends on the ability to 
resolve the critical features in letters, so the same decrease in acuity would be expected to 
affect Arabic and English similarly. Yet, the current study showed a slope that was 
significantly less than 1. This does seem to be a robust finding as it was similar for the 
MNREAD and Radner charts (slope of 0.28 and 0.25 respectively). Currently, there is no 
definitive explanation of this finding, but it may be related to the fact that reading Arabic 
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seems to involve a different strategy than reading English. Arabic without vocalization 
marks has many “heterophonic homographs” (words that are identical in spelling but 
different in pronunciation and meaning). As many as every third word can be a 
homograph.96 Thus understanding the context and grammatical construction is essential to 
be completely sure of meaning and pronunciation in Arabic. In English, a reader does not 
necessarily need this context in order to decode each word, although they do require these 
skills for good comprehension.68 This major difference between Arabic and English means 
that Arabic readers rely more on context compared to English readers.96 This may impact 
how readers use visual information. The critical information may be different in the two 
languages, with Arabic possibly requiring a more complex use of visual information and 
relying on factors other than resolution. Although there is a large body of information on 
the critical information needed to read English, there is little known regarding Arabic. This, 
and how reading visual acuity in Arabic is associated with distance visual acuity, would be 
an interesting area for future study. 
The average reading acuity of this sample of participants for the BAL chart was 0.63 
log- point at 40 cm (0.07 less than 0.7 log-point, which was equivalent to 0.00 logMAR) 
and so is equivalent to -0.07 logMAR. This confirms that reading acuity measured with the 
BAL chart is comparable to the average reading acuity measured with the Colenbrander, 
MNREAD and Radner charts, which was -0.05, -0.13 and -0.03 logMAR respectively. 
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Although ANOVA showed that there was a statistically significant difference in reading 
acuity among the different versions of the BAL chart, these differences are not clinically 
significant.72 The maximum difference between any pair of charts in reading acuity was 
0.03 log-point which is less than one line on a logMAR chart.  
ANOVA showed that reading speeds measured with the three versions of the BAL chart 
were statistically significantly different, but these differences would not be considered 
clinically significant. The largest difference, which was between BAL1 and BAL3, was 
0.02 log-SLWPM (6 SLWPM) and the coefficients of agreement were of the order of 0.06 
log SLWPM, which is less than one line on a logMAR chart. There was good agreement 
between average reading speed for the BAL chart in the present study which was 197.38 
SLWPM and the reading speed measured in our previous study (187 SLWPM).32 
There were some differences among the English charts in reading speed and reading 
acuity. Although, all of them are logarithmic continuous text acuity charts, they have some 
major differences in their designs such as typeface, the range of print sizes and the criteria 
used for sentences creation and the degree to which the sentences were tested for equal 
readability. These differences could explain the variations in the reading performance 
results.97 
In the current study, good validity of the BAL chart was demonstrated by very similar 
average reading speed measured with the BAL and the IReST charts (197 ± 23 and 196 ± 
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30 respectively) and a high correlation between the two (r = 0.84). The coefficient of 
agreement between the BAL chart and the IReST chart was 0.076 log-SLWPM (32.2 
SWLPM), see Figure 6.5. However, the significant negative slope implies that slower 
readers read the BAL chart faster compared to the IReST chart. This is likely because the 
text of the IReST chart has a higher difficulty level compared to the BAL (grade 6 vs grade 
3). These findings indicate good overall agreement despite the IReST chart having a longer 
length of text and the higher grade level. This correlation between the BAL chart and the 
IReST chart is better than that reported by Radner et al43 where reading speed between 
short sentences and longer paragraphs was compared (r = 0.76). Also, it is better than that 
found when the validity of the Turkish39 MNREAD was tested against a paragraph from a 
newspaper (r = 0.62) or a journal article (r = 0.74). The good agreement in the present study 
is despite the fact that reading speed for the IReST chart might be expected to be slower 
because it uses grade six level text, whereas the BAL chart uses grade three, and that the 
Arabic IReST texts were translated from the original German IReST texts.51 Many 
scholars1,7,16,24 suggest it is better to compose novel texts for different languages in order 
to allow for orthographic differences. Alternatively, studies1,30,42 have shown that reading 
speed for passages is higher or similar to reading short sentences. However, the comparison 
between the BAL chart in our study and the results of the IReST Arabic charts in 
Trauzettel-Klosinski et al.51 must be interpreted with caution due to differences in reading 
speed calculation. In the current study, reading speed for all charts took into account the 
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number of errors that were made, but errors were not included in the reading speed analysis 
in the Arabic IReST study.51 
It is interesting to compare reading speed in different languages. In the present study, 
BAL reading speed (197.0 ± 23 SLWPM) was higher than MNREAD reading speed (172 
± 30 SLWPM) and the other English charts. In contrast, Trauzettel-Klosinski et al.51 
compared reading speed in 17 different languages and reported that Arabic had the slowest 
reading speed across all languages. They suggested that it was due to the absence or partial 
absence of written vowels.51 As described above, Arabic has a cognitively and visually 
demanding nature which may result in slower reading speeds in comparison to English and 
a variety of other languages. Likewise, Cheung et al,41 suggested that recognizing stroke 
configuration in the Chinese language may explain the slower reading speeds found in 
Chinese (when compared to other languages). In the IReST study, however, different 
participant groups were reading each language, which may cause differences. In the present 
study, the same participants read English and Arabic. Although the participants were 
chosen to be fluent in both languages, some of them may have been more fluent in Arabic. 
Buari et al53 compared reading speed using the UiTM Malay reading chart with both the 
MNREAD and the Colenbrander charts. Reading speed for the Colenbrander and 
MNREAD charts was 194 wpm and 196 wpm respectively which are higher than the results 
of the current study (146 and 172 SLWPM respectively). In the Buari et al53 study, actual 
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correct words were counted, and not standard length words, which accounts for some 
difference in the results. Recently, Calabr`ese et al97 published baseline data for reading 
performance measurements using the MNREAD chart. They evaluated the results for 
several age groups, different examiners, and different testing locations. They showed that 
reading speed becomes stable at an age range from 16 to 40 years at 200 ± 25 wpm which 
was higher than the current study (172 SLWPM). In their study97 they calculated the 
reading speed in standard length words, but it appears that they counted errors of actual 
words, rather than calculated as standard word length (i.e. based on numbers of incorrect 
characters). As they suggested, some dissimilarity might be accounted for by these 
methodological factors. 
The coefficient of agreement between the BAL charts for reading acuity was 0.06 
logMAR (corresponding to slightly more than half a line) and for reading speed was 0.06 
log-SLWPM (corresponding to 28 SLWPM). This level of agreement compares favorably 
with other studies and charts.19,35,43 Subramanian and Pardhan95 measured the repeatability 
for the English MNREAD charts. The coefficient of repeatability was found to be ± 0.05 
logMAR for reading acuity and ± 8.6 wpm for reading speed. The results obtained from 
the current study are better than the coefficient of agreement reported for the Swedish 
chart49 which was 0.1 logMAR or less for reading acuity and 23 wpm for maximum reading 
speed. Cheung et al.41 recently developed a new Chinese chart for children and found a 
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coefficient of agreement between different versions of the chart of ± 0.15 logMAR for 
reading acuity and ± 0.11 log-wpm (37 wpm) for maximum reading speed. There is some 
evidence100–102 suggesting that children have lower reading speed and larger individual 
variability compared to adults, which could result in poorer repeatability. 
The coefficient of agreement between the BAL charts for the critical print size was 0.23 
log-point. This is higher than that found by Subramanian and Pardhan for the MNREAD 
charts95 (± 0.12 logMAR). It is not certain why this difference exists. It might be due to 
differences in calculation methods (which is not totally specified in their paper) or because 
their participant sample is more uniform (University students and all with visual acuity 6/6 
or better). Or there may be some differences in Arabic and English. This could be an area 
for future study. However, it does imply that the BAL charts are more reliable for 
measuring reading acuity and reading speed than critical print size. 
6.10 Conclusions 
The three versions of the BAL chart have been validated and showed high inter-chart 
agreement indicating that they can be recommended for clinical and research use. The BAL 
chart is the first Arabic standardized continuous text near visual acuity chart and will make 
a very useful addition to the assessment of near reading performance in Arabic-speaking 
countries, as it is convenient and easy to use by clinicians. 
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Chapter 7 
 GENERAL DISCUSSION AND CONCLUSIONS 
7.1 Discussion 
The assessment of near visual acuity and reading performance is an essential step in 
assessing near performance and requires the use of a standardized continuous text near 
visual acuity chart to ensure reliable and repeated results. Such charts are available in many 
languages but not in Arabic even though it is ranked the fourth in the world’s spoken 
language based on the number of first language speakers. There are no standardized 
continuous text charts in Arabic, which has made the use of unstandardized charts very 
common. Some of the unstandardized charts have been created and printed by clinicians 
for use in their clinics. However, the vast majority of unstandardized charts that are used 
regularly in clinics are freely distributed by eye-care companies for advertisement 
purposes. Neither type of chart has been developed according to standardized procedures, 
and have not been tested for reliability. The use of unstandardized chart increases the 
variability of visual acuity measurements, as the results depend on the chart in use by a 
particular clinic within a specific country and therefore would not be repeatable across 
different locations or Arabic-speaking countries. This inconsistency in measurements may 
cause problems on the individual patient level for example when patients are seen by 
different health professionals and on the organizational level for example, the WHO which 
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needs standardized measurements in tracking health phenomena across different regions. 
The work detailed in this thesis was motivated with the aim of developing a standardized 
continuous text near visual acuity chart for near acuity measurement for the assessment of 
near reading performance in Arabic-speaking countries. Within the course of this thesis, 
the rationale and the major decisions in the development of the new chart; The Balsam 
Alabdulkader-Leat chart (BAL) have been discussed in detail. 
The major challenge in this study was the large number of questions left unaddressed in 
the literature on the visual aspects of reading in Arabic. What are the visual requirements 
for reading in Arabic? What are the effects of Arabic fonts on the legibility of letters and 
words? What is the most frequently used typeface in Arabic print, and is it the most legible? 
What is the average reading speed for adults and children with normal vision in Arabic? 
How does the visual process of reading Arabic work? What is the equivalent of the x-
height? How are print sizes defined? 
In contrast, readability and what affects reading in English has been studied extensively. 
Legge has published numerous studies about the psychophysics of reading in people with 
normal and low vision and summarized them in his book.20 This knownledge made the 
development of visual acuity charts in languages that use Roman letters easier, as letter 
sizes can be defined by using the x-height. Arabic is a Semitic language that uses a different 
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alphabet, which made every decision in developing the BAL chart a new challenge because 
of the lack of information. 
The importance of the choice of typeface (Chapter 3) has been studied and discussed in 
the literature. Different typefaces with different characteristics may affect the legibility of 
letters.24–26 Thus, the choice of typeface may ultimately affect the resulting visual acuity 
measurements and reading speed. This fact made the choice of typeface an important first 
step in designing the BAL chart. Many scholars have reported that the most commonly 
used font in a language would be the optimal choice of typeface for the use in a visual 
acuity chart. That is the font that is used in everyday printing materials (newspapers, 
books). To the author’s knowledge, the legibility of Arabic typefaces and the most 
commonly used typeface in Arabic has not been studied or reported. Another challenge 
was the utilization of ligatures in Arabic script. Ligatures may cause crowding, which can 
significantly affect visual acuity. An investigation and comparison between different 
newspaper fonts and Microsoft Word fonts was carried out. Microsoft Word fonts were 
chosen as they are available to Microsoft users, which would make this study easily 
repeatable by others. A method of superimposing Microsoft fonts against newspaper fonts 
against bright light was attempted. Direct comparison between the two fonts was not 
possible as the paper quality of the newspaper was poor, and between-line spacing and 
justification of newspapers are very different. As a result, this method was abandoned. 
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 Initially, Times New Roman and Arial fonts were chosen as they do not use ligatures. 
What is surprising is that Arabic Times New Roman and Arial fonts in Arabic Microsoft 
Word were visually almost identical. It is known that the major difference between the two 
fonts in English is that Arial is a sans-serif font, whereas Time New Roman is a serif font. 
However, both fonts in Arabic have serifs! A formal comparison between the two fonts in 
Arabic by superimposing them against each other electronically, was carried out. The 
differences were minute and probably not significant. The final decision was to use Times 
New Roman font as it does not utilize ligatures, it is commonly used in Arabic and it has 
been used in other reading acuity charts in several languages. 
Standardized sentences are required for continuous text near acuity charts. There is now 
a body of literature showing how the sentences should be developed according to well-
established criteria. Then, they have to be tested for equal readability. Some major 
decisions were made in creating and composing sentences for the BAL chart (Chapter 4). 
One of the methods suggested to create sentences is to compose them from lists of the most 
frequent words used in school books of a specific grade. To the author’s knowledge, this 
information was not available in Arabic. The final decision was to compose sentences that 
are inspired by grade 3 school books from different Arabic-speaking countries. Then, the 
composed sentences were reviewed by Arabic language experts and the final pool of 
sentences was tested and validated by recruiting grade 3 children. Another concern at the 
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stage of composing sentences was the use vocalization marks. Vocalization marks in 
Arabic can be compared to accents in other languages. For creating text for visual acuity 
charts, one possibility would be to use accents where they naturally appear in text.20 
Instead, it was decided to use unvocalized text because vocalization marks are absent in 
regular everyday reading materials. In addition, the use of vocalization marks may increase 
crowding. One of the challenges as a result of this decision was the need to avoid a common 
grammatical case called (بوصنم). The closest thing to this in English is the genitive case 
where a noun modifies another noun. This grammatical case was avoided as using it would 
require the use of vocalization marks. 
A large pool of candidate sentences was composed according to the accepted criteria 
(Section 1.1.2.3.1) and tested in children and adults with normal vision. Elimination criteria 
were established to exclude sentences with a high variability in reading speed and high 
number of errors. The final sub-set of the sentences had equal readability and was chosen 
as the sentences were highly comparable. Those sentences were used in the construction of 
three versions of the BAL chart. It is interesting to note that two measures of reading speed 
(CWPM and SLWPM) were determined. The results showed that there was no difference 
in the variability pf reading speed between these two measures. 
The next step was the layout of the sentences on the chart. Spacing between lines of the 
same level and spacing between print size levels followed the recommend logarithmic scale 
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for standardized visual acuity charts. The method of defining spacing was discussed 
in Chapter 5. As Arabic letters have various heights, it was imperative to ensure that the 
highest ascender from one line does not touch the lowest descender from the line above 
and vice versa. 
 The validation of BAL chart was discussed in Chapter 6. Reading speed and reading 
acuity were compared between the three versions of the BAL charts. Bland-Altman plots 
were used to test the agreement between the three versions of the BAL charts. The 
coefficients of agreement between the different versions of BAL charts in reading acuity 
and reading speed were calculated and showed good inter-chart agreement. This agreement 
is similar to that for standardized charts in other languages. In addition, reading speed with 
the BAL chart was compared with the Arabic version of the IReST chart to validate the 
BAL charts in terms of measuring reading speed. Furthermore, a linear regression plot of 
the average reading acuity measured with the BAL chart against the reading acuity 
measured with MNREAD and Radner charts was used to calibrate normal acuity in Arabic 
print size (0.00 logMAR). This calibration was used to label the rest of the chart 
accordingly. So that future charts can be printed in the same print size, rather than 
undertaking this empirical calibration again, and to create a standard, the height of the Alef 
(ا) letter was measured. The 50 pt Alef measured 10.08 mm from the top tip to the bottom 
tip, and 5 pt and other size levels can be scaled from this.  
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Arabic newspapers’ print size was compared with BAL print sizes as an additional 
evaluation of the final print size labeling of the chart. A letter from the Arabic alphabet 
(Alef) was chosen for this comparison. Alef’s length was measured in four different 
newspapers and it varied between the different newspapers and within each newspaper. 
Generally, it was larger on the front and back pages, and at the beginning of the different 
sections within the newspaper. Alef’s length ranged between 1.9 to 2.2 mm with an average 
of 2.1 mm. On the BAL chart, Alef measured 2.2 mm on the 0.4 logMAR line (0.4 logMAR 
is equivalent to 1M at 40 cm). This is similar to English newspapers’ print size. A note of 
caution is due here since print size in Roman letters is measured by the x-height whereas 
in Arabic a similar measurement cannot be done. This comparison was an estimation of 
Arabic newspapers print size to provide some support of similarity between Arabic letters 
and Roman letters. 
One unanticipated finding was that the relationship between reading in Arabic and 
English was not 1:1. This was shown by the shallow slopes of reading acuity with the BAL 
chart against the MNREAD chart (Figure 6.7 - A), and between the BAL chart and the 
Radner chart (Figure 6.7 - B). As the same association between the BAL chart and the 
MNREAD and Radner charts was found, this result seems to be a consistent, robust finding. 
Furthermore, the same slope was found when the highest acuity points were removed, 
which might have been influenced by a floor effect for the smallest print sizes. The reason 
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for this finding is not clear, but it may be related to the different reading strategies used in 
Arabic and English. Arabic readers rely more on context compared to English readers as 
reading in English can be undertaken word by word. Although the effect of context was 
equated to be equal down the BAL chart (by choosing sentences of equal readability), it 
was not eliminated. Reading acuity measurement takes into account the number of errors 
made, so as print size gets smaller one can guess some words correctly when reading 
English text. However, in reading Arabic, as the print gets smaller, if one cannot read/guess 
the first word or two, it becomes very challenging to read the rest of the sentence. This is 
true for Arabic without vocalization marks (which was used for the BAL chart) as 
“heterophonic homographs” are very common. As many as every third word in a passage 
can be a homograph.96 
Reading Arabic and reading English seems to involve different cognitive processes with 
various uses of complex visual information, and the critical information in the script seems 
to be different and used differently. The process seems to be more “global” in Arabic and 
“local” in English, so it is hard to predict how they relate as they are different languages 
with different scripts. To the author’s knowledge, the relationship between reading English 
and other languages that do not use Roman letters has not been evaluated in a similar way. 
Chinese and Japanese languages are considered non-alphabetical languages and do not use 
Roman letters. However, Chinese and Japanese characters can be fitted into an equal square 
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area and this can be used to specify the print size. Therefore, similar comparisons in these 
languages have not been done to specify print size. What causes this difference in the slope 
is yet to be determined. At present, there is very little research on reading in Arabic and 
how it responds to blur, reduced information content, reduced contrast, etc., in contrast to 
the large body of research on English.29,34,35,103 This knowledge gap is obviously a potential 
area of research.  
The BAL chart can play a major role in assessing patients with low vision as it has a 
wide range of print sizes (largest print size is 1.1 logMAR). In addition, the logarithmic 
scale of the BAL chart allows testing at non-standard testing distances as the ratio between 
the adjacent sentences is the same regardless of the viewing distance. Using a shorter 
viewing distance will shift the range of print size to a higher range (viewing at 10 cm will 
make the largest print size 1.7 logMAR). The logarithmic scale also allows accurate 
calculation of magnification. For example, 3 lines difference on the chart between the 
measured and the goal print size is always a factor of 2x. 
7.2 Conclusion 
The BAL chart was created using well accepted principles and was shown to have good 
agreement for measuring visual acuity and reading speed. The BAL chart is expected to be 
used in assessing reading performance in Arabic-speaking countries as it is quick, 
convenient, and easy to use by clinicians. 
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7.3 Future work 
The work of this thesis is the first of its kind. Many aspects of reading Arabic text are 
not known and have yet to be studied. Research questions that could be asked include the 
following. What is the effect of reduced contrast, reduced information, and blur in reading 
Arabic? What are the visual reading requirements in Arabic? How much acuity reserve is 
needed? In future investigations, it might be possible to use a single letter chart in Arabic 
and compare it with the BAL chart. Such a study could explain the role of context in reading 
Arabic and could explain the shallow slope that was found in this study. However, the 
challenge would be that there are no commercially-available single letter near acuity charts 
in Arabic. Another study could look at critical information in reading Arabic. In addition, 
a number of possible future studies could be carried out to establish the role and pattern of 
eye movements in reading in Arabic. Currently, it is unknown whether both the length of 
saccades and the duration of fixations are the same for readers of Arabic and readers in 
English. Reading unvocalized text in Arabic relies on context, which might make the cycle 
of saccades and fixations very different compared to that of English. Eye movements in 
reading Arabic is a new area that has to be investigated, and such studies might also help 
to explain why reading speed in Arabic is slower compared to that in 17 other languages.51   
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